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ABSTRACT

I investigated how inter-individual variation in total migration distance within
a species affects stopover behavior and refueling rate. Wilson’s Warbler is a leapfrog
migrant passerine that winters in Central America and breeds throughout North
America. Birds were captured in the spring and fall of 2006 during passage through a
desert stopover site in southern Arizona. Total migration distance of individuals was
assessed using deuterium ratios of tail feathers, stopover duration was estimated using
mark-recapture analysis of color-banded birds, and relative refueling rate was
measured using plasma metabolite analysis.

Compared to short-distance migrant

individuals, longer-distance migrants passed through later during spring migration,
had shorter minimum lengths of stay, larger fuel stores and a higher rate of refueling.
During autumn, longer-distance migrants passed through later, but there was little
variation in minimum length of stay. Total migration distance in autumn did not
affect fuel stores, however, longer-distance migrants refueled more quickly.

Keywords: deuterium, fuel stores, mark-recapture, migration, minimum length of
stay, plasma metabolites, refueling, stable isotopes, stopover, Wilson’s Warbler
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___________________________ INTRODUCTION___________________________

Migration is an important component of the life history of many animals.
Dingle (1996) defined migration as a large magnitude, directed movement out of a
home range, past habitats of potential immediate suitability, to a new location where a
home range is established. These movements are often seasonal in nature (Dingle
1996).

Like other migratory animals, many birds migrate to escape predictable

temporal heterogeneity in the environment. Annual changes in local habitats result in
seasonal resource scarcity, which is the selective force behind most migratory
journeys (Alerstam and Lindstrom 1990, Alerstam 1990, 1991, Dingle 1996). For
avian migrants, passages between breeding and wintering grounds are often
thousands of kilometers, and can pose the greatest risk to annual survival of any part
of the life history (Moore et al. 1995, Sillet and Holmes 2002). During these flights,
birds endure extremely high energetic demands while flying to or refueling in
unfamiliar environments. Migration also exposes individuals to capricious weather
events and an increased risk of predation (Alerstam 1990, 1991, Dingle 1996,
Fransson and Weber 1997, Weber et al. 1998a, Cimprich et al. 2005).
The increased energetic demands associated with migration present a major
obstacle for many birds. Most migrant passerines are unable to complete these long
distance treks in a single flight due to a lack of sufficient fuel storage capacity, and as
a consequence must stop to replenish fuel reserves periodically while en route. The
ability to quickly and efficiently deposit fuel at stopover sites is a major determinant
of migratory speed and overall success (Weber et al. 1998a, Schaub and Jenni 2000,
2001b). High quality stopover sites favor rapid refueling, and feature characteristics
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such as high food abundance, decreased competition within and among species (Hutto
1998, Kelly et al. 2002b), and decreased risk of predation (Fransson and Weber 1997,
Weber et al. 1998a, Cimprich et al. 2005). As a consequence, habitats used by avian
migrants as stopover sites are of critical importance as they not only permit but
actually facilitate the extensive deposition of fat and protein (Lindstrdm and Piersma
1993, Karasov and Pinshow 1998, Bauchinger and Biebach 2001) stores needed to
complete migration (Hedenstrom and Alerstam 1997, Hutto 1998, Weber et al.
1998a).

Optimal Migration Theory
Optimality models suggest that avian migration strategies evolve in response
to three major selective pressures: 1) the minimization of time spent migrating, 2) the
minimization of energy used while migrating, and 3) the minimization of predation
risk (Alerstam and Lindstrom 1990, Alerstam 1991). In an ecological context, these
three pressures need not be mutually exclusive, and indeed most species likely
balance among the three (Alerstam and Lindstrbm

1990, Alerstam

1991,

Gudmundsson et al. 1991, Hedenstrom and Alerstam 1995, Fransson and Weber
1997, Weber et al. 1999). However, the selective pressure to minimize time spent
along migratory pathways appears to be dominant among passerine migrants
(Alerstam and Lindstrom 1990, Alerstam 1991, Gudmundsson et al. 1991, Weber and
Houston 1997, Weber et al. 1998a, Hedenstrdm 2008).

This is particularly true

during vernal migration, when numerous fitness benefits, mostly related to
reproductive success, result for both males and females that arrive early and remain in
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good condition at time of breeding (Moller 1994, Smith and Moore 2005). This
relationship is less clear during autumnal migration, though individuals of species that
are territorial during the winter may gain some fitness advantages by arriving early
and in good condition (Marra et al. 1993, Kokko 1999, Marra 2000, Telleria and
Perez-Tris 2004).
Total migration distance is another factor that may be important for how
optimization models predict migratory strategies (Alerstam and Lindstrom 1990,
Alerstam 1991). Although it is clear that most Neotropical migrant passerines are
influenced by the demands of arriving early on the breeding grounds, increased length
of migration not only increases total metabolic demands but also adds to overall risk
of predation (Fransson and Weber 1997). A comparative study of two subspecies of
the Northern Wheatear (

O e n a n t h e o e n a n t h e ) with varying migration

differences in body condition and behavior at a stopover site (Dierschke and Delingat
2001). This is a relatively unique system, with the long-distance subspecies (

o.

leucorhoa) making a single flight from mainland Europe or offshore islands to
Greenland or Iceland (across the north Atlantic), and short-distance subspecies (
oenanthe) traveling only to Scandinavia to breed, also in a single flight.

o.

In this

system, long-distance migrants have longer lengths of stay at stopover and greater
fuel loads than their short-distance counterparts (Dierschke and Delingat 2001).
Relatively unstudied is how inter-individual variation in total migration
distance within a species affects migration behavior and refueling physiology.
Moreover, species with continuous migration over land, and therefore presumed
continuous access to potential stopover sites, might be constrained by different
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pressures along the migration pathway and when stopping to refuel than are the
Northern Wheatear migrants studied by Dierschke and Delingat (2001), which faced
impending crossings of open bodies of water.

Individuals with different total

migration distances and disparate time and energy demands might show different
behavioral or physiological strategies at stopover.
Swainson’s Thrushes (

Recent work showed that

Catharusustulatus) passing through a stopover site in Costa

Rica did not exhibit a relationship between fuel stores and total migration distance
(Wilson et al. 2008a). This may be due to the fact that many of these birds recently
departed from wintering grounds, and fuel stores carried by northern breeders at this
early stage of migration may have been unrelated to total stores needed to complete
journeys to breeding locations (Wilson et al. 2008a, 2008b).

Sex

andSeason
Migratory season and sex of individuals are other factors that may also

influence the development of migratory strategies (Stewart et al. 2002, Dierschke et
al. 2005). Migratory passerines of many species often exhibit differential timing of
migration between ages or sexes in different seasons (Otahal 1995, Woodrey and
Chandler 1997, Yong et al. 1998, Swanson et al. 1999, Stewart et al. 2002). In the
spring, species that are territorial on the breeding grounds, including the
overwhelming majority of Neotropical migrants, are influenced most by the need for
early arrival at breeding sites (Sandberg and Moore 1996, Kokko 1999). However,
optimal migration theory posits that in the fall the need to minimize energy usage
may be favored, as food resources at stopover sites are often in decline (Alerstam and
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Lindstrom 1990).

Time constraints are not thought to be as important during

autumnal migration, as the need to arrive early on the wintering grounds is not as
pressing as early arrival at breeding sites, although pressure to minimize predation
risk may still influence overall migratory speed (Alerstam and Lindstrom 1990,
Schaub et al. 2008).
It is not known whether many Neotropical migrants are territorial on
wintering grounds in addition to breeding grounds (Marra 2000), though evidence for
sexual segregation on wintering grounds exists (Komar et al. 2005). This behavioral
strategy could differ among individual populations within species, depending on
wintering site specifics such as habitat makeup and relative food availability (Marra
et al. 1993, Greenberg et al. 1996, Studds and Marra 2005). As a result, the effects of
wintering-ground territoriality and associated optimization pressures during fall
migration are unclear. However, wintering ground habitat quality is known to affect
body condition and overall success during migration (Bearhop et al. 2004), so even
non-territorial Neotropical migrants may be constrained by pressure to occupy ideal
wintering habitat (Lindstrom and Alerstam 1992).

These pressures may result in

different behavioral and physiological stopover strategies between sexes during both
spring and fall.

Objective o f Study
The objective of this study is to examine how total migration distance affects
behavior and physiology during stopover refueling within a single species with
continuous overland migration. In order to approach this question, knowledge of four
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important components of migration is required. First, it is imperative to estimate total
migration distance of individual birds. Second, current fuel load (size-corrected body
mass or fat score) must be measured. Third an index of refueling rate for each animal
captured only once must be obtained.

Fourth, it is essential to know how long

individual birds remain at stopover sites. Selection of a proper model species with a
wide breeding range and corresponding large variation in total migration distance is
also crucial, as is a field site that allows for a reasonable sample size and the ability to
test hypotheses during both spring and fall migration.

Migration Distance and Stable Isotopes
A key component of my investigation is knowledge of total migration distance
in individual birds.

Until recently, information collected from bird banding

operations was the only method available to determine breeding and wintering
grounds of individuals, and has traditionally provided sparse and generally
uninformative data (Paxton et al. 2007). However, it is now possible to determine
breeding or wintering grounds of migratory species using isotopic signatures of
elements that vary geographically and are incorporated into an animal’s tissues
(Chamberlain et al. 1997, Hobson and Wassenaar 1997, Gannes et al. 1998, Marra et
al. 1998, Rubenstein et al. 2002, Webster et al. 2002, Kelly et al. 2002a, Clegg et al.
2003, Paxton et al. 2007, Wilson et al. 2008a). Recent use of this technique includes
investigations into migratory insects and mammals, as well as numerous species of
migratory passerine birds (Hobson 1999, Wassenaar and Hobson 2000a, Hobson et al.
2001, Hobson and Wassenaar 2001, Rubenstein and Hobson 2004, Mazerolle et al.

7
2005). More specifically, avian studies primarily utilize variation in enrichment of
the stable hydrogen isotope deuterium (8D), which has distinct and predictable
patterns across North America and is particularly useful because the same patterns are
reflected in organismal tissues due to trophic-level interactions (Chamberlain et al.
1997, Hobson and Wassenaar 1997, Hobson et al. 2001, Kelly et al. 2002a,
Rubenstein et al. 2002). Generally, deuterium patterns vary latitudinally in North
America according to rainfall gradients; enrichment decreases as distance from the
equator increases, with additional changes due to variation in regional rainfall
(Meehan et al. 2004, Bowen et al. 2005, Paxton et al. 2007).
Before autumnal migration in North America, most migrant passerines
undergo a postnuptial molt on the breeding grounds. During this period of growth,
deuterium from the environment is incorporated into avian tissues, including feathers
(Hobson and Wassenaar 1997, Hobson 1999). As the 8D signature of tissues reflects
the diet of individuals only during growth, deuterium values in keratinous tissue,
specifically feathers, are particularly useful as they remain static after initial growth
(molt) periods (Mizutani et al. 1990, Mazerolle and Hobson 2005).

Current State and Refueling Rate
Information on real-time body condition of birds at stopover sites is an
important indicator of potential migratory success. Size-corrected body mass can be
used to estimate the current state of energy stores in individual birds (Green 2001,
Dunn 2002). In addition, standardized information collected on fat storage (in the
form of visual fat scoring) can be compared between and across seasons, as well as
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between sexes to give a reasonable indication of the overall condition of avian
migrants (Moore and Kerlinger 1987, Seewagen 2008).
Knowledge of individual refueling performance at stopover sites is crucial to
understanding the physiological mechanisms employed by migrant birds. Stopover
refueling rate has often been estimated using body masses changes in recaptured
individuals (Cherry 1982, Biebach et al. 1986, Moore and Kerlinger 1987, Kuenzi et
al. 1991, Morris et al. 1996) or regression of absolute body mass against time-of-day
(Winker et al. 1992, Yong et al. 1998, Dunn 2000, 2001, 2002, Seewagen and Slayton
2008, Wilson et al. 2008a). However, these methods often suffer from small sample
size and bias towards low-quality individuals, and may not provide an accurate
assessment of individual birds (Jenni and Jenni-Eiermann 1996, Williams et al. 1999,
Schaub and Jenni 2001b, Guglielmo et al. 2005). Plasma metabolite profiling can be
used to obtain individualistic measures of refueling rate because metabolites in the
blood plasma of birds provide a snapshot of recent feeding activity (Jenni-Eiermann
and Jenni 1994, Williams et al. 1999, Jenni and Schwilch 2001, Schaub and Jenni
2001b, Guglielmo et al. 2005, Cerasale and Guglielmo 2006, Zajac et al. 2006).
When birds are actively refueling, triglyceride or tri acyl glycerol (TAG) levels in the
blood plasma rise, while levels of p-OH-butyrate (BUTY) fall (Jenni-Eiermann and
Jenni 1994, Williams et al. 1999, Guglielmo et al. 2005). Conversely, when birds are
fasting, concentrations of BUTY increase while circulating TAG decreases (JenniEiermann and Jenni 1994, Williams et al. 1999, Guglielmo et al. 2005). Triglyceride
and P-OH-butyrate measures can be combined into a fueling index (Schaub and Jenni
2001b, Guglielmo et al. 2005).

This information provides a window into the
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dynamics of physiological state of single birds captured only once, and can be
compared to other individual measures to assess the relationships among the many
selective pressures facing avian migrants.

Stopover Duration and Capture-Mark-Recapture Modeling
Length of stay at stopover sites is important information when trying to
discern physiological and behavioral strategies employed by short and long-distance
migrant passerines (Dierschke and Delingat 2001, Schaub and Jenni 2001a). In order
to estimate stopover duration without the use of radio-telemetry, capture-markrecapture (CMR) methodology is used (Schaub and Jenni 2001a, Schaub et al. 2001,
Morris et al. 2005). Traditionally, capture-mark-recapture modeling has relied upon
physical recapture of marked birds, and thus suffered from small sample size and bias
towards poor condition individuals who might be easier to capture or might remain at
stopover sites longer (Morris et al. 2005).

By marking birds with individually

recognizable color-band combinations, the requirements of a capture-mark-recapture
model can be fulfilled simply by resighting marked birds. This information can then
be used in computer models, which apply survival analysis to estimate the likelihood
of an individual within the total population remaining at a stopover site from one day
to the next (Schaub and Jenni 2001a, Schaub et al. 2001, 2008, Morris et al. 2005).
Computer models also return estimates of the probability of detection, which in this
case equates to resighting probability. If resighting probability is high, a minimum
length of stay (MLOS) approach may then be confidently used to approximate
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stopover duration of individual birds, allowing for basic statistical comparisons with
other components of a data set.

Experimental Paradigm
Although some studies have helped elucidate patterns of migratory timing in
Neotropical migrant passerines in relation to overall migration distance (Kelly et al.
2002a, Clegg et al. 2003, Paxton et al. 2007, Wilson et al. 2008a), little previous
research has been conducted into the relationships among refueling behavior
(stopover duration), physiology (refueling rate and body condition) and migration
distance. Combining disparate methods in field research with laboratory analyses, I
introduce a potentially new experimental paradigm to the study of avian migrants.
Using plasma metabolite profiling; which provides a snapshot of refueling rate and
can be used to assess stopover habitat quality (Jenni-Eiermann and Jenni 1994,
Williams et al. 1999, Guglielmo et al. 2005, Cerasale and Guglielmo 2006), I
examine refueling performance of individual birds. I use stable isotope analysis of
feathers to determine breeding and wintering grounds of migrants, and to provide an
estimate of overall migration distance (Chamberlain et al. 1997, Webster et al. 2002,
Rubenstein et al. 2005, Paxton et al. 2007). Finally, in order to estimate stopover
duration, I employ

field observations with standard capture-mark-recapture

methodology (Dierschke and Delingat 2001, Schaub and Jenni 2001a, Schaub et al.
2001, Morris et al. 2005). I combine these three methods in an attempt to elucidate
how length of stay at stopover sites and refueling performance vary seasonally within
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a single species with continuous overland migration, in relation to total migration
distance.

Hypotheses
11 Stopover duration and refueling rate in both sexes is related to total migration
distance during both spring and fall.
Based on optimal migration theory for time-minimizers, I predict that at a
stopover site, individuals with longer impending migration distances will exhibit
decreased length of stay as well as relatively higher rates of refueling during both
spring and fall. Long-distance birds will spend less time at stopover as there is no
impending crossing of a major ecological barrier and optimal migration theory
predicts that time-minimization pressures will lead to short-hop flight strategies with
daily stopovers.

Between seasons, birds will remain at stopover sites for

comparatively shorter periods and have higher refueling rates during spring migration
due to the pressure of territory establishment on the breeding grounds. This trend will
be exemplified in males, who must establish and defend territories.

21 Body condition and fat stores at stopover sites in both sexes are related to total
migration distance during both spring and fall.
I predict that individual birds with longer impending migrations will maintain
larger fuel stores (as measured by fat scores) and have increased body masses when
compared to those with shorter remaining passages during both spring and fall
migrations.

Birds with longer impending flight distances have a greater need for
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increased fuel stores in order to deal with the potential hazards of longer or extended
migrations. Individuals will have lower fat scores and body condition during spring
migration when compared to autumn because of the need for territory establishment
on the breeding grounds. During spring migration the greater need for minimizing
time spent migrating will lead to an increased willingness to depart stopover sites
with only a minimum of fuel reserves. This trend will be accentuated in males, who
again must establish and defend territories.
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______________________________ METHODS______________________________

Study Species
Wilson’s Warblers (

W i l s o n i a p u s i l l a , Wilson) are among the

and common Neotropical migrant passerines in North America, particularly in the
American West (Ammon and Gilbert 1999, Kelly et al. 1999, 2000).

Wilson’s

Warblers breed from coastal California inland to Colorado, through boreal Canada
and north to central Alaska, and winter from Mexico to southern Central America.
After crossing large expanses of the arid Southwest or Sonoran Desert, large numbers
of Wilson’s Warblers stop at isolated riparian areas in southern Arizona to refuel
before continuing their migratory journeys north to breeding areas or south to
wintering grounds (Skagen et al. 1998, 2005, Yong et al. 1998, Ammon and Gilbert
1999). Previous studies of Wilson’s Warblers indicate a leapfrog migration strategy
(Figure 1), where birds wintering at the most southerly latitudes breed at the northern
extent of their range, and northerly wintering birds occupy more southern breeding
areas (Kelly et al. 2002a, Clegg et al. 2003, Paxton et al. 2007).
There are three subspecies of Wilson’s Warblers recognized by the American
Ornithologists’ Union (Lowery and Monroe 1968, Ammon and Gilbert 1999) that
share wintering grounds in Mexico and central America. One of these subspecies
breeds exclusively in eastern boreal Canada; Wilsonia pusilla pusilla (Lowery and
Monroe 1968, Ammon and Gilbert 1999), and is genetically distinct from western
subspecies (Kimura et al. 2002, Clegg et al. 2003). Known patterns in breeding and
wintering latitude have not been shown for W. p. pusilla (Kelly et al. 2002a, Clegg et

14

T>.
■$>
Study Site:
Buenos Aires National
Wildlife Refuge (BANWR)
Arizona, USA

Figure 1. Leapfrog migration in western-breeding Wilson’s Warblers. Individuals
that breed at the most northern latitudes (Alaska and northern Canada) winter at more
southern latitudes (Costa Rica). Individuals that breed at the most southern latitudes
(coastal California) winter at more northern latitudes (central Mexico). Birds from
across the western breeding range refuel at stopover sites on Buenos Aires National
Wildlife Refuge, which is located outside breeding areas (Ammon and Gilbert 1999)
in the southwest United States. Adapted from Kelly et al. (2002a) and Ecton (2004).
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al 2003, Paxton et al. 2007). Two other subspecies of Wilson’s Warblers (W. p.
chryseola and W. p. pileolata) breed throughout western North America, are
genetically indistinguishable by mitochondrial DNA (Kimura et al. 2002, Clegg et al.
2003), and are abundant at stopover sites in the southwest United States (Yong et al.
1998, Ammon and Gilbert 1999, Kelly et al. 1999, 2000).

p. pileolata is slightly

morphologically larger than W. p. chryseola (with significant overlap), though for the
purpose of this study no effort was made to delineate subspecies as measures of body
condition and refueling performance were analyzed by statistically controlling for
body size, and determination of subspecies was not deemed necessary.
Studies of the timing of both vernal and autumnal migration in Wilson’s
Warblers demonstrate a distinct temporal segregation, with short-distance migrants
arriving at Southwest stopover sites significantly earlier than their long-distance
counterparts during the spring (Paxton et al. 2007), and long-distance migrants
passing through stopover sites during fall migration before shorter-migrating birds
(Kelly et al. 2002a). There is, however, a high degree of variability in breeding origin
of birds passing through Arizona stopover sites on any given day (Paxton et al. 2007),
during both spring and fall migrations. Because the primary objective of this study
was to examine the effect of total migration distance on the behavioral and
physiological strategies used at stopover sites within a single species, I selected
Wilson’s Warblers as ideally suited to my needs.
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Study Site
I studied Wilson’s Warblers at a stopover site on Buenos Aires National
Wildlife Refuge (BANWR) in southern Arizona (Figure 1) during vernal and
autumnal migration in 2006. As migrant passerines through the southwestern United
States often utilize different habitats during spring and fall, the ability to capture birds
at the same site during both seasons was paramount (Skagen et al. 1998, 2005, Kelly
and Hutto 2005). Banding records from BANWR indicated that Wilson’s Warblers
utilize stopover habitat on the Refuge during both spring and fall migrations (M.
Hunnicutt pers. comm.), an important factor if a reasonable comparison between
seasons was to be drawn.

Previous work showed a high degree of variability in

isotopic signature of feathers from Wilson’s Warblers captured on BANWR,
indicating that birds with markedly different overall migration distances utilize the
same areas to replenish fuel stores during their migratory journeys (Paxton et al.
2007).
Upon arrival at BANWR, I selected a small and isolated site that would still
allow for a reasonable sample size. The riparian corridor nature of some Southwest
stopover sites leads to decreased confidence in the ability to resight marked birds that
may have simply moved out of a reasonable search area, though unpublished data
suggests that Wilson’s Warblers maintain a very small (2-4 hectares) foraging range
once established at stopover (C. van Riper III pers. comm.). As my study plan called
for capturing and fitting birds with individually recognizable leg bands and then
resighting them to estimate stopover duration, an isolated site without close proximity
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to other foraging areas was ideal as it allowed a high degree of confidence in daily
resighting probability.
Many areas in southern Arizona, at the northernmost extent of the Sonoran
Desert, were traditionally large cattle ranches (Sayre 2007). The entirety of BANWR
and a large part of the Altar Valley was historically part of the (Pedro) Aguirre
Complex, and later divided into smaller cattle ranches (Sayre 2007). The legacy of
cattle ranching in arid environments in the southwest United States has led to the
creation of numerous ‘tanks’ to provide drinking water for foraging cattle. These
tanks were usually constructed on natural springs or at the tail end of desert washes,
and involve simple earthen dams to hold monsoon runoff or spring outflow (Sayre
2007). A number of cattle tanks exist on BANWR, although only two persisting
tanks were built on natural springs and thus maintain surface water year-round. Of
these two (State Tank and Carpenter Tank), only Carpenter Tank has existed long
enough to support a substantial area of riparian habitat, and thus serves as a small and
isolated stopover site for numerous Neotropical migrants during both spring and fall
migrations. I selected Carpenter Tank (31° 31’ 42” N, 1110 27’ 13” W; elevation
1155 m) as my study site because it provided high likelihood of resighting marked
birds, was readily accessible by road, and was used as a stopover site by Wilson’s
Warblers.

Field Measurements and Observations
Wilson’s Warblers were captured in mist nets (Avinet, Dryden, NY, USA) at
Carpenter Tank during March, April and May, and again during August and
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September 2006. Mist nets were 2.6 m high by 9 m or 12 m long, with 25 mm or 30
mm mesh and 4 shelves. Wilson’s Warblers were aged and sexed according to Pyle
(1997), and tarsus length (± 0.1mm), wing chord (± 0.5 mm), exposed culmen length
(± 0.1 mm), and body mass (± 0.1 g) were measured. Individuals were fitted with
aluminum United States Geological Survey (USGS) individually numbered leg bands
(size 0A), along with a combination of three individually recognizable plastic color
bands, allowing identification of birds upon recapture or resighting. On days when
birds were captured during the morning hours, afternoon effort focused on resighting
individuals until general foraging activity decreased, or ceased altogether due to high
desert temperatures.
Unpublished data collected using radio-telemetry suggests that Wilson’s
Warblers at stopover sites remain within a small area once established, and lack of
continuous riparian habitat at some Southwest stopover sites supports these
observations (Kelly and Hutto 1995, Skagen et al. 1998, 2005). Recent empirical
evidence also indicates that other migrants may maintain relatively small foraging
ranges once established at stopover (Bachler and Schaub 2007). The small foraging
range of Wilson’s Warblers and limited habitat at Carpenter Tank provided a high
degree of confidence in resighting and allowed passive constant effort mist-netting to
reliably capture the majority of migrants foraging in a given area (2 hectares - the
approximate size of riparian habitat at Carpenter Tank) at a given time. Unmarked
Wilson’s Warblers observed during afternoon resighting efforts were noted and
proved infrequent. During resighting surveys, presence of avian predators (accipiters)
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was noted to give an estimate of predation risk, and was negligible (n = 7 over 86
days).

Migration Distance and Stable Isotopes
Laboratory Analysis
I collected an outer tail feather (rectrix) from all Wilson’s Warblers captured.
If outer tail feathers were damaged or missing an interior rectrix was collected.
Samples were analyzed at the Environment Canada, Prairie and Northern Wildlife
Research Centre (University of Saskatchewan, Saskatoon, SK, Canada), using a
comparative equilibration approach according to Wassenaar and Hobson (2003).
Prior to analysis, feathers were washed in 2:1 chloroform:methanol solution to
remove possible contaminants, thoroughly rinsed and air dried before a small sample
(approximately 0.35 mg) from the distal end was removed and transferred to an
isotope-grade silver capsule (Chamberlain et al. 1997, Wassenaar and Hobson 2003,
Paxton et al. 2007).

Within each set of feather analysis runs, calibrated keratin

sample standards from three sources were used. Standards were run in replicate and
contained known nonexchangeable 8D values from the same range of values possible
for the feather samples (approximately -170 to -30 %o 5D).
Prior to analysis, feathers and keratin standards were passively co-equilibrated
with ambient water for 96 hours at room temperature because of the possibility of
uncontrolled exchange between noncarbon-bound hydrogen in the feathers and
ambient water vapor (Chamberlain et al. 1997, Wassenaar and Hobson 2000b, 2003,
Paxton et al. 2007). After flash pyrolysis, incorporated 5D values were measured on
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an isotope ratio mass spectrometer and units reported according to the Vienna
Standard Mean Ocean Water (VSMOW) scale in parts per thousand (%o) (Wassenaar
and Hobson 2000b, 2003).
Interpretation
Deuterium enrichment values, once determined, were compared to a
geographic information system (GIS) based map of growing season precipitation
across North America originally established for use in animal migration studies by
Meehan et al. (2004) and refined by Paxton et al. (2007) (generally following Figure
2). 8D values were grouped according to relatively large-scale geographic areas, in
the following ranges: > -60 %o 5D, -61 to -80 %o 8D, -81 to -100 %o 8D, -101 to -120
%o 8D, -121 to -140 %o 8D, and < -141 %o 8D (Meehan et al. 2004, Paxton et al.
2007). These values correspond to breeding ranges from coastal California (> -60 %o
8D) to northern boreal Canada and Alaska (< -141 %o 8D) (Meehan et al. 2004,
Paxton et al. 2007) (Figure 2).
Wilson’s Warblers are known to have a fairly high degree of breeding ground
philopatry, at least within the relatively broad-scale geographical determinations
possible using the deuterium map established by Meehan et al. (2004) and Paxton et
al. (2007). Total migration distance can be inferred from the results, as 8D levels in
feathers (that had not yet been molted) collected during spring migration represent the
latitude of breeding or fledging the previous year, and should follow the same pattern
found by Kelly et al. (2002a), Clegg et al. (2003) and Paxton et al. (2007). Previous
work has shown that breeding site philopatry is not as distinct on a smaller scale
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Northernmost breeding W ilson’s Warblers
breed in northern Canada and Alaska and
have D signatures <
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winter in southern Central America.
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winter in Mexico.
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Figure 2. General map of deuterium (8D) enrichment patterns in North America.
Closed circles represent data collection sites for the Global Network of Isotopes in
Precipitation (GNIP), International Atomic Energy Agency (IAEA).

Western

breeding Wilson’s Warblers occupy habitats from coastal California, through the
Pacific Northwest (USA), British Columbia, the Yukon and Northwest Territories
into Alaska. Adapted from GNIP information, Kelly et al. (2002a) and Ecton (2004).
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(Chase et al. 1997), though Wilson’s Warblers appear to return to the same region
every year, if not the same specific breeding site (Paxton et al. 2007). Although sitespecific breeding locations were not determined (and cannot be determined using 5D
enrichment values), comparison across a continuum of breeding latitudes allowed an
estimate of total migration distance to be compared to other variables (stopover
duration, refueling performance, and body condition).

Current State and Refueling Rate
Stopover performance was quantified using plasma metabolite profiles and
body condition indices of individual Wilson’s Warblers. I collected a blood sample
from all birds immediately after capture as circulating metabolite levels in feeding
birds respond quickly to behavioral changes (Guglielmo et al. 2002, Cerasale 2004,
Zajac et al. 2006). As the study site was a relatively small area, it was possible to
observe mist nets at all times in order to record time between capture and blood
sampling (bleed time), which was always less than 10 minutes. In the instance of
high rates of capture or simultaneous capture of more than one bird, nets were closed
temporarily to adhere to this timeframe.
Approximately 10% of total blood volume was collected by brachial
veinipuncture with a 26-gauge needle into heparinized microcapillary tubes (75 pL),
and immediately transferred into 0.5 mL heparinized Eppendorf tubes and stored in a
cooler (Guglielmo et al. 2002, 2005, Cerasale 2004). After returning to field housing
whole blood was centrifuged for approximately 10 minutes at 2000 g to separate
plasma (Cerasale 2004, Guglielmo et al. 2005, Cerasale and Guglielmo 2006), which
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was collected into screw top 0.6 mL cryogenic tubes and stored immediately in a
liquid nitrogen dry shipper (Taylor-Wharton CXI00). The dry shipper was filled
weekly at the University of Arizona, University Research Instrumentation Center
Cryogenics and Gas Facility (Tucson, AZ, USA) in order to maintain a constant
temperature below -80°C. At the end of spring and fall migration seasons, samples
were transported to the University of Western Ontario (UWO) for metabolite
analyses.
Plasma samples were diluted two or three-fold when necessary using 0.9%
NaCl to provide an adequate volume for assay purposes. Metabolites were assayed
on a microplate spectrophotometer (Biotec Powerwave X 340) by endpoint assay
according to Guglielmo et al. (2002, 2005) using 400 pL flat-bottom polystyrene
microplates (Nalge-Nunc). Glycerol and triacyglycerol (TAG) levels were measured
sequentially (SIGMA, Trinder reagent A and B), and [TOH-butyrate (BUTY) levels
were measured using a kinetic endpoint assay kit (R-Biopharm).

Glycerol levels

were subtracted from raw TAG measurements to provide a measure of free TAG. All
plasma metabolite samples were run with two replicates, and all assays were
performed within 30 days of returning to UWO.
Upon capture and after blood and feather collection, individuals were
measured structurally and a visual estimate of fat storage (fat score) in the furcular
hollow was performed. Fat stores were scored on a modified 8-class scoring system
according to Benson and Winker (2005), and all scoring was performed by a single
observer (QRH) to eliminate potential bias (Krementz and Pendleton 1990).
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Stopover Duration and Capture-Mark-Recapture
All

Wilson’s Warblers captured

were

released

unharmed

following

measurement and collection of samples, with an individually recognizable
combination of four leg bands in place.

The United States Geological Survey

(USGS) aluminum bands were applied to the lower left leg of all birds captured
during spring migration, and to the lower right leg of all birds captured during autumn
migration. Eight different solid colors of plastic celluloid leg bands (Avinet, size XF,
inside diameter 2.3 mm) were used including: black (BK), dark blue (B), light blue
(LB), green (G), orange (O), light pink (LP), hot pink (HP), and purple (P). All
celluloid leg bands were trimmed to fit individuals and permanently closed using
acetone after application.
In order to fulfill the requirements of a capture-mark-recapture model, effort
was made to resight marked birds daily rather than relying on physical recapture,
which suffers from bias towards poor condition individuals (Morris et al. 2005). All
data collected on stopover duration was modeled using an Akaike’s Information
Criterion (AIC) approach in program MARK (White and Burnham 1999). Modeling
efforts occurred at United States Fish and Wildlife Service (USFWS) Patuxent
Wildlife Research Center, Division of Migratory Bird Management (Laurel, MD,
USA), under the supervision of Dr. James Lyons.

Data collected during fall

migration were insufficient to allow modeling efforts using MARK.
Program MARK returned estimates of daily population-level survival (phi),
interpreted as the probability of a bird at the stopover site on a given day staying from
one day to the next (but not an estimate for individual birds), or daily probability of
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staying (DPS). Preliminary CMR modeling showed a pattern of stopover duration
that was qualitatively similar to that provided using minimum length of stay (MLOS)
methodology, and program MARK returned a high daily resighting probability (DRP)
through the spring season. As the study site was small and isolated, and allowed a
high degree of confidence in DRP (Dierschke and Delingat 2001, Dierschke et al.
2005), I chose to use a MLOS approach. MLOS, recorded as the number of days
between initial capture and final recapture or resighting, also allowed a stopover
duration estimate for individual birds to be analyzed statistically within a parametric
framework; providing comparisons to other data collected.

Statistical Analyses
All statistical analyses were performed using SPSS 13.0. Data was tested for
normal distributions and were found to fit basic normality assumptions.

Stopover

duration estimates using MLOS methodology exclusively were used to perform
statistical analyses on data collected during the fall migration, while spring data was
first modeled in program MARK.
Deuterium enrichment values for individual birds were compared to
information on individuals’ sex, season of capture, date of initial capture (DOC), and
time of day (TOD) of capture using Pearson correlation analyses. Lower 8D values
indicated birds with greater overall migration distances. Significant correlations were
then tested using regression techniques; analysis of variance (ANOVA), and analysis
of covariance (ANCOVA) to control for potentially confounding factors. Differences
in MLOS among individual birds with different total migration distances were tested
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using a Pearson correlation analysis and ANOVA. All birds remaining at stopover
grounds more than 7 days after initial capture arrived before Julian Day (JD) 109.
Individual regressions (ANOVA) were performed on a subset of birds arriving before
this date.
Body size measures (tarsus length, wing chord and body mass) were tested for
effect of sex and season using correlation analysis (Pearson) and regression
techniques (ANOVA).

A condition index (Cl) was created using a regression to

generate standardized residuals of body mass (BM) on tarsus length (TL) for both
sexes in both seasons. Condition indices and fat scores (FS) were then compared to
DOC and 8D values using Pearson correlation analyses. Significant correlations were
tested using ANOVA and ANCOVA (when needed to control for confounding
variables).
TAG and BUTY were tested for correlations with bleed time, time of day and
measures of body condition (fat score, body mass and condition index), as well as
each other. To control for correlations between metabolites, a refueling index (RI)
was generated using principal component analysis of untransformed TAG and BUTY
values with a varimax rotation.

RI values were tested for effect of sex, season,

condition index and day of capture using Pearson correlation analyses.

Body

condition was accounted for by using a regression to generate standardized residuals
of condition index on refueling index (adjusted RI) for both seasons.

Significant

variables were included as covariates and adjusted RI was compared to 5D and
MLOS using regression techniques (ANOVA and ANCOVA).
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Permits and Protocols
All birds captured and sampled were permitted by the University of Western
Ontario (UWO), Council on Animal Care, Animal Use Protocol 2006-014-02 issued
to Christopher G. Guglielmo (CGG) (Appendix la), and Environment Canada,
Canadian Wildlife Service (CWS) Scientific Capture and Import permit CA-0168,
also issued to CGG (Appendix lb). Bird banding was permitted under United States
Department of the Interior (USDI), United States Geological Survey (USGS) Bird
Banding Lab (BBL) Master Banding Permit 23423, issued to Quentin R. Hays (QRH)
(Appendix 1c). All sample collections were permitted under USDI, United States
Fish and Wildlife Service (USFWS) Scientific Collecting and Export Permit
MB121152-0 issued to QRH (Appendix Id), as well as State of Arizona, Arizona
Game and Fish Department (AZGFD) Scientific Collecting Permit 298399 also
issued to QRH (Appendix le). Further permits included issuance of USDI, USFWS,
Buenos Aires National Wildlife Refuge Special Use Permit 2006-042 to QRH
(Appendix If) for all activities occurring on BANWR.
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_______________________________ RESULTS_______________________________

Capture Effort
A total of 105 Wilson’s Warblers (59 males, 46 females) were caught at
stopover during spring migration 2006.

No effort was made to age individuals

captured during spring migration and all birds were considered to be adults (after
hatch year, AHY). Capture effort was initiated on 28 March and maintained until 24
May during vernal migration. A total of 26 Wilson’s Warblers (17 males, 9 females)
were captured during autumnal migration 2006. Effort was made to age individuals
captured during fall migration using skull ossification, and resulted in identification
of 8 juveniles (hatch year, HY). No significant effects of age on any variable was
found, and for reporting purposes and analyses all age-groups captured during fall
were grouped together. Capture effort was initiated on 28 August and maintained
through 25 September during fall migration. There were 26 instances of recapture
(12 individuals) during spring migration and no recaptures during fall. Total banding
effort and associated morphological data is recorded in Appendix 2 (Spring
Migration) and Appendix 3 (Fall Migration).

Migration Distance and Timing
Spring
Wilson’s Warblers captured during spring migration showed high variability
in latitudinal breeding origin (Figure 3a) as indicated by deuterium ratio (5D) of tail
feathers (maximum -28 %o 5D, minimum -163 %o ÔD). Using a deuterium enrichment
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Figure 3. Relationship between Day of Capture (DOC) and deuterium levels (5D %o)
in tail feathers (DOC) for (a) spring (n = 105) and (b) fall (n = 26) migrants. Open
circles represent males (n = 59 spring, n = 17 fall) and closed circles represent
females (n = 46 spring, n = 9 fall).
decrease.

Migration distance increases as 5D levels

DOC is Julian day of year 2006.

5D was significantly negatively

con-elated with DOC in spring migrants (r = -0.55, P < 0.001), with shorter-distance
migrants passing through earlier. DOC was different between sexes during spring,
with males passing through earlier than females (F i,

103

= 46.07, P < 0.001). There

was no correlation between DOC and 8D (r = -0.18, P = 0.379) and no significant
effect of sex on DOC during fall migration (F i, 24 = 4.20, P = 0.052), though females
tended to pass through earlier than males.
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map from Paxton et al. (2007), estimated breeding latitude of migrants captured
ranged from coastal California (> -60 %o 8D), to the Yukon Territory, Northwest
Territories and central Alaska (< -140 %o 8D).
Birds arriving at the capture site earlier in the season had significantly higher
8D levels in tail feathers (r = -0.55, P < 0.001) than birds arriving later (Figure 3a),
indicating that early-arriving birds were relatively short-distance migrants and
individuals passing through later were traveling farther. Time of day (TOD) when
birds were caught was negatively correlated with DOC (r = -0.38, P < 0.001), and
positively correlated with 8D (r = 0.20, P —0.036). These results are presumed to be
related to increasing day length during spring, leading to more early captures, and
when using a multiple regression to control for DOC no significant relationship
between TOD and 8D levels was found (F 2,102 = 21.90, P = 0.764).
Timing of passage through the stopover site differed between sexes (Figure
3a). Males passed through stopover earlier during spring migration than females (F 1,
103

= 46.07, P < 0.001). No significant relationship between sex of migrants and 8D

levels was found when controlling for DOC (F 2,102 = 0.02, P = 0.897).
Fall
Wilson’s Warblers captured during the fall migration season showed high
variability in latitudinal breeding origin (Figure 3b) as indicated by 8D from tail
feather samples (maximum -34 %o 8D, minimum -138 %o 8D). Estimated breeding
latitude of migrants captured ranged from coastal California (> -60 %o 8D), to central
Alaska, northern Alberta and northern British Columbia (-120 %o 8D to -140 %o 8D).
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There was no significant correlation between DOC and 8D levels in feathers
during fall migration (r = -0.18, P - 0.379) (Figure 3b), or between DOC and TOD (r
= -0.103, P = 0.62). There was a nearly significant effect of sex on DOC during fall
migration (F

\.24

=4.20, P = 0.052), with females tending to pass through stopover

slightly earlier than males (Figure 3b).

Stopover Duration
Spring
Two important data sets relating to stopover duration were created using an
information criterion (AIC) modeling approach in program MARK. Daily probability
of staying (DPS) refers to the likelihood that an individual present at the stopover site
on a given day continues to refuel and waits to depart until the following day (Figure
4a). At the beginning of the spring season DPS was 81.9%. DPS decreased to a
minimum of 0.049% mid-season, and then rose to a maximum of 99.1% at the end of
the spring migration. The average DPS for the entire season was 23.4%. The rise in
DPS late in the season was an artifact of the conclusion of resighting effort at that
time, and reflects the modeling impact of three birds remaining at stopover for longer
than a single day after a long period of only single-day stopovers.
continued to stay a maximum of only a few days.

Birds likely

The DPS generated through

MARK was qualitatively similar to a minimum length of stay (MLOS) approach, and
as the use of MLOS allowed statistical comparisons for individual birds in a
parametric framework, the remainder of stopover duration estimate results use MLOS
methodology.
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Figure 4. Relationship between (a) Daily Probability of Staying (DPS); (b) Daily
Resighting Probability (DRP); (c) Minimum Length of Stay (MLOS), and Day of
Capture (DOC) for spring migration (n = 105). DOC is Julian day of year 2006.
Data for (a) and (b) were obtained using program MARK. Not enough data were
available to perform analyses during fall migration. DPS (a) represents the likelihood
of staying from one day to the next for an individual present at the stopover site on a
given day (average 23.4%), and generally reflects the observed trend in MLOS (c).
DRP (b) averaged 80.2% for the spring season, a sufficiently high percentage to allow
MLOS stopover duration estimation to be used. MLOS is the number of days from
initial capture to final resighting or recapture (maximum = 31 days, minimum = 1
day). MLOS is significantly negatively correlated with DOC (r = -0.38, P < 0.001).
Most birds remained at stopover grounds for only 1 day (n = 88).
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Daily resighting probability (DRP) is an estimate of the probability of
recapturing or resighting an individual bird on a day given that it was actually at the
site on that day (i.e., seen on a subsequent day) (Figure 4b). The DRP was 100% at
the beginning of the season and 0.019% at the end of the season, dropping off again
because of the cessation of resighting effort. The average DRP for the entire season
was 80.2%, which is considered to be very high (J. Lyons pers. comm.), and allowed
high confidence in a MLOS approach.
There was a significant negative correlation between MLOS and DOC (Figure
4c) during spring (r = -0.38, P < 0.001). There was no significant correlation between
MLOS and 8D. Birds arriving at the stopover site early in the season (prior to or on
20 April, or Julian day [JD] 109) stayed longer on average with a maximum MLOS of
31 days, and several birds remained longer than 3 weeks. Later in the season (after
20 April, or JD 109) MLOS was less than 7 days, with most birds only remaining on
the stopover grounds for a single day (total for season, n = 88). Migrants captured
during the spring were divided into early (n = 46) and late (n = 59) stopover classes
(early arrived prior to or on JD 109, late arrived after JD 109).
significant difference in 8D between stopover classes (F i,
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There was a

= 13.58, P < 0.001);

birds in the late stopover class were traveling farther. When examining just birds in
the early stopover class and controlling for sex and DOC, there was a marginally
significant relationship between MLOS and 8D levels (F 1, 44 = 3.97, P = 0.053),
indicating that on any given day birds with longer total migration distances exhibited
shorter stopover durations.
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Fall
The fall season resulted in fewer captures overall and a significantly smaller
data set than spring, and proved too small to allow modeling efforts in program
MARK. The MLOS method showed that most birds (n = 23) remained at stopover
for only a single day, with three individuals staying longer than one day and a
maximum MLOS of 4 days. There was no correlation between DOC and MLOS (r =
-0.004, P = 0.986) or between MLOS and 6D (r = 0.22, P = 0.272).

Body Condition and Fuel Load
Accounting for Body Size and Sex
A number of significant relationships among body size measures, fuel loading,
and sex were found during both spring and fall migration seasons. Though male
Wilson’s Warblers are generally morphologically larger than females (Pyle 1997),
there was a high degree of variation during both seasons. In order to properly assess
fuel stores and overall condition, a measure incorporating variation due to body size
must be used. Individuals from both spring and fall were grouped together for initial
body size analyses in order to generate a condition index (Cl) that accounted for body
size.
Males captured during both migration seasons had significantly longer wings
than females (F i, 129 = 28.89, P < 0.001). There was no effect of sex on tarsus length
(F

1,129

= 1-95, P = 0.165) or on body mass (F i; 129 = 0.72, P = 0.398). Body mass

(BM) was significantly correlated with wing length (r = 0.27, P = 0.002), fat score
(FS) (r = 0.70, P < 0.001), and tarsus length (TL) (r = 0.19, P = 0.028). Because
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tarsus length and body mass were unrelated to sex, and because TL was the size
measure least correlated with body mass, it was chosen as the best indicator of
structural size regardless of sex. A regression of standardized residuals of BM on TL
created a condition index (Cl) that accounted for increased BM due to larger body
structure. Females generally had significantly higher fat scores than males (F

1,129

-

21.89, P < 0.001). However, when controlling for DOC there was no effect of sex on
fat score (F

1 129

= 2.95, P = 0.089), indicating that the difference between sexes was

an artifact of most females arriving at stopover later in the season. Similarly, females
also had significantly higher condition indexes than males (F i,

129

0.001), but when controlling for DOC this effect was not significant (F

= 23.89, P <
1,129

= 2.94, P

= 0.089). For subsequent analyses of BM, FS and Cl in relation to MLOS and 5D
levels, spring and fall seasons were examined separately.
Spring
During spring migration, body mass was positively correlated with DOC
(Figure 5a) (r = 0.46, P < 0.001). The same pattern was evident for fat scores (Figure
5b) (r = 0.53, P < 0.001), and for condition index (Figure 5c) (r = 0.42, P < 0.001).
Body mass, fat scores and condition indexes were unrelated to either MLOS or 8D
during spring migration (all r < -0.20, all P > 0.05).
Fall
During fall migration, body mass (Figure 5d), fat score (Figure 5e) and
condition index (Figure 5f) were not related to DOC (all r < -0.25, all P > 0.05). As
found during spring migration, body mass, fat score and condition index were
unrelated to either MLOS or 5D (all r < -0.20, all P > 0.05).
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Figure 5.

Relationship between body condition and Day of Capture (DOC) for

spring (a, b, c) and fall (d, e, f) seasons. Open circles represent males (n = 59 spring,
n = 17 fall) and closed circles represent females (n = 46 spring, n = 9 fall). DOC is
Julian day of year 2006. Condition Index (Cl) was generated using a regression of
residual body mass (BM) on tarsus length (TL) to control for body size. During
spring migration (n = 105) BM (a) was significantly correlated with DOC (r = 0.46, P
< 0.001), Fat score (FS) (b) was significantly correlated with DOC (r = 0.53, P <
0.001), and Cl (c) was significantly correlated with DOC (r = 0.42, P < 0.001). No
significant correlations were found during fall migration (n = 26), though all
relationships showed a non-significant negative trend.
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Metabolite Profiles —Important Covariates
During spring migration, TAG and BUTY were negatively correlated with
each other (r = -0.47, P < 0.001). However, TAG and BUTY were not significantly
correlated during fall migration, although there was a similar negative trend (r = 0.30, P = 0.143). A refueling index (RI) was generated using a PCA (see Methods for
details) of TAG and BUTY values for both seasons, in order to provide acrossseason comparisons. Principle component 1 (PCI) explained 71.1 % of the variation
in the data. The loading of TAG on PCI was strongly positive (0.843), while the
loading of BUTY was strongly negative (-0.843). These results indicate that higher
refueling index values signify relatively higher refueling rates.
Bleed Time
In previous work, the time between initial capture of an individual and blood
sampling (bleed time) has been shown to affect metabolite levels in plasma
(Guglielmo et al. 2002, Cerasale 2004). However, as effort was made to sample all
birds within 10 minutes of initial capture, there was no correlation between either
TAG (r = 0.08, P = 0.382) or BUTY (r = -0.07, P = 0.421), and bleed time during
spring migration. There was also no significant correlation between either TAG (r =
0.18, P = 0.378) or BUTY (r = -0.01, P = 0.958), and bleed time during fall migration
season.
Time of Day
Time of initial capture has been shown to affect metabolite profiles of
individual migrants in previous work, as birds captured in the early morning often
show effects of overnight fasting (Jenni and Schwilch 2001, Guglielmo et al. 2002,
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Cerasale 2004). TOD of initial capture was not significantly correlated with either
TAG (r = 0.06, P = 0.525) or BUTY (r = 0.03, P = 0.796) during spring migration.
During fall migration, however, TAG was positively correlated with TOD (r = 0.67, P
< 0.001), though BUTY was not (r = -0.19, P = 0.344).

Refueling index was

correlated with TOD during fall (r = 0.41, P = 0.038). In order to properly assess
metabolite profiles during the fall migration season, TOD of initial capture was
included as a covariate.
Body Mass and Fuel Load
In previous work, body mass has been shown to affect metabolite profiles of
individual birds independent of refueling performance (Guglielmo et al. 2002, 2005,
Cerasale 2004). BM and TAG were significantly positively correlated (r = 0.43, P <
0.001), and BM and BUTY were significantly negatively correlated (r = -0.29, P =
0.003) during spring migration.

During fall migration there were no significant

correlations between TAG and BM (r = 0.32, P = 0.112) or BUTY and BM (r = -0.25,
P = 0.219), though a similar positive relationship between TAG and BM and negative
relationship between BUTY and BM were found. Similarly, during spring migration,
FS and TAG were positively correlated (r = 0.52, P < 0.001), and FS and BUTY were
negatively correlated (r = -0.26, P = 0.007). There were no significant correlations
found between TAG and FS (r = 0.05, P = 0.818) or BUTY and FS (r = -0.16, P =
0.436) during fall migration, though again, similar to spring findings, there was a
positive trend between TAG and FS and a negative trend between BUTY and FS.
During spring migration, Cl and TAG were significantly positively correlated (r =
0.38, P < 0.001), and Cl and BUTY were significantly negatively correlated (r = -
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0.30, P < 0.001). TAG (r = 0.34, P = 0.093) and BUTY (r = -0.20, P = 0.339) were
not significantly correlated with Cl during fall migration, but similar positive and
negative trends between TAG and Cl, and BUTY and Cl were found respectively. As
Cl is a more reliable indicator of current state than either FS or BM alone, it was
controlled for during analyses of both spring and fall migration by using a regression
to generate standardized residuals of RI from Cl (adjusted RI).
V

Metabolite Profiles and Refueling Performance
Spring
During spring migration, there was a significant positive correlation between
TAG and DOC (r = 0.48, P < 0.001), and a significant negative correlation between
BUTY and DOC (r = -0.47, P < 0.001) (Figures 6a, 6b). RI was also significantly
correlated with DOC (r = 0.55, P < 0.001) during spring migration. Adjusted RI,
which controls for body condition, was positively correlated with DOC (r = 0.41, P <
0.001) (Figure 6c), indicating that on the whole, late season birds which were
traveling farther refueled more intensely. Migrants captured during spring showed no
significant correlation between TAG and 8D (r = -0.17, P = 0.078), although the
relationship was nearly significant and negative. There was a significant positive
correlation between BUTY and 5D levels in spring migrants (r = 0.20, P = 0.041) and
there was a significant negative correlation between RI and 8D (r = -0.55, P = 0.004).
These relationships suggest that longer distance migrants had higher refueling rates.
However, when controlling for body condition (using adjusted RI) and DOC, there
was no relationship between refueling rate and 5D (F 2,102 = 1.08, P = 0.301),
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Figure 6. Relationship between refueling rate and Day of Capture (DOC) for spring
(a, b, c) and fall (d, e, f) seasons. Open circles represent males (n = 59 spring, n = 17
fall) and closed circles represent females (n = 46 spring, n = 9 fall). DOC is Julian
day of year 2006.

Principal component analysis was used to generate Refueling

Index (RI) using Triglyceride (TAG) and ß-OH-butyrate (BUTY) measures for all
birds, and adjusted RI controls for body condition (see text for details). During spring
migration (n = 105) TAG (a) was significantly correlated with DOC (r = 0.48, P <
0.001), BUTY (b) was significantly correlated with DOC (r = -0.47, P < 0.001), and
RI (c) was significantly correlated with DOC (r = 0.55, P < 0.001). No significant
correlations were found during fall migration (n = 26).
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indicating that on any given day birds traveling different distances did not refuel at
different rates.
Fall
During fall migration, there were no significant correlations between TAG (r
= -0.05, P = 0.816) (Figure 6 d) or BUTY (r = 0.06, P - 0.756) (Figure 6 e) and DOC.
There were also no significant correlations between RI and DOC (r = -0.07, P =
0.731), or adjusted RI and DOC (r = 0.09, P = 0.663) (Figure 6 f). However, during
fall migration, there was a significant negative correlation between TAG and 5D (r =
-0.45, P = 0.021) (Figure 7a), and there was a significant positive correlation between
BUTY and 6 D (r = 0.47, P = 0.017) (Figure 7b). There were also significant negative
correlations between RI and 8 D (r = -0.55, P = 0.004), and adjusted RI and §D (r = 0.41, P = 0.038) (Figure 7c). When controlling for body condition and TOD, there
was a significant negative relationship between refueling index and 5D (F 3,22 = 4.46,
P = 0.023), indicating a direct positive relationship between migration distance and
refueling rate.
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Figure 7. Relationship between refueling rate and deuterium enrichment (5D %o) in
tail feathers for fall (n - 26). Open circles represent males (n = 17) and closed circles
represent females (n = 9).

Migration distance increases as 6D levels decrease.

Principal component analysis was used to generate Refueling Index using
Triglyceride (TAG) and p-OH-butyrate (BUTY) measures for all birds, and adjusted
RI controls for body condition (see text for details).

TAG (a) was significantly

correlated with 8D signature (r = -0.45, P = 0.021), BUTY (b) was significantly
correlated with 8D signature (r = 0.47, P = 0.017), and adjusted Refueling Index (c)
was significantly correlated with 5D signature (r —-0.41, P = 0.038).
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_____________________________ DISCUSSION_____________________________

The findings of this study support the hypothesis that total migration distance
influences the physiology and behavior of individual birds during stopover refueling.
During spring migration Wilson’s Warblers with longer migration distances passed
through later and spent less time at stopover overall. Longer-distance migrants also
exhibited larger fuel stores and increased body condition, and maintained a higher
rate of refueling. Although on any given day there was no relationship between total
migration distance and stopover duration, fuel load or refueling rate, the seasonal
trends generally conformed to my predictions that long-distance migrants would have
shorter stopover durations, increased fuel stores and display higher refueling rates.
During autumn migration, Wilson’s Warblers with longer total migration
distances tended to pass through later, but there was little variation in time spent at
stopover. Total migration distance in autumn also did not affect fuel stores or body
condition. However, as during spring, longer-distance migrants refueled at a higher
rate when compared to their short-distance counterparts. These results also generally
conformed to my predictions, despite limited sample size and little variation in
stopover duration during fall. Although there was no relationship between fuel stores
and migration distance, there was a direct positive relationship between refueling rate
and length of migration.
The major objective of this study was to combine several powerful techniques
in a novel way to study refueling physiology and behavior in a migratory passerine. I
applied disparate techniques from biological fieldwork (capture-mark-recapture and
minimum length of stay methodologies) and laboratory analysis (stable isotope ratios
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and plasma metabolite profiling) to elucidate the relationship between migration
distance and stopover strategies in a Neotropical migrant. This new experimental
paradigm provides insight into potential avenues for future research in integrative
biology, and this study demonstrates the power of combining these techniques to
investigate avian migration. The results impact our understanding of how optimal
migration theory may be applied to passerine migrants in a natural setting, and point
the way toward future research into not only Wilson’s Warbler migration, but other
Neotropical migrants with similar migratory strategies.

Migration Distance and Timing
Spring
Wilson’s Warblers captured during spring migration with the lowest 8D levels
(-140 %o 8D to -165 %o 8D) had fledged or bred in northern Canada or Alaska the
previous year, and wintered in Costa Rica or Panama (Kelly et al. 2002a, Clegg et al.
2003, Paxton et al. 2007). Migrants with 8D levels indicating a breeding range of
coastal California (< -60 %o 8D) wintered in central Mexico (Kelly et al. 2002a, Clegg
et al. 2003, Paxton et al. 2007). The longest distance migrants captured had a total
migration distance often exceeding —6500 kilometers (Alaska to Costa Rica), while
short-distance migrants often had a total migration distance of less than -3000
kilometers (coastal California to central Mexico). There was a wide range of total
migration distances between these extremes for migrants utilizing Carpenter Tank as
a stopover site, including 8D signatures that corresponded to latitudes encompassing
most of the western breeding range of Wilson’s Warblers (Ammon and Gilbert 1999).
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As expected from previous work (Kelly et al 2002a, Paxton et al. 2007), there
was a significant correlation between date of passage through stopover and migration
distance (8D) during spring. A significant difference in timing of passage through
stopover between sexes was found, also in accordance with previous work (Otahal
1995, Yong et al. 1998, Paxton et al. 2007).
The results found during spring migration in 2006 reinforce the established
concept of sexually-segregated (Otahal 1995, Yong et al. 1998) leapfrog migration in
Wilson’s Warblers (Kelly et al. 2002a, Clegg et al. 2003, Paxton et al. 2007). Shortdistance migrants passed through stopover significantly earlier than their long
distance counterparts, and males arrived at stopover significantly earlier than females.
These results suggest that different selective pressures may act on males and females
(Stewart et al. 2002, Dierschke et al. 2005) during spring migration, with males
favoring speed of migration (and therefore passing through stopover earlier) in order
to arrive early on the breeding grounds and establish favorable territories (Sandberg
and Moore 1996, Kokko 1999), and females possibly favoring minimization of
energy use (Dierschke et al. 2005).

This is despite the shift in 5D signatures

throughout the season and the effects of a leapfrog migration phenomenon (Paxton et
al. 2007), as even longer-distance migrating males (which should pass through later
than shorter-distance migrating males) are still pressured to arrive at breeding
grounds early and pass through before their female counterparts (Sandberg and
Moore 1996, Kokko 1999).
Recent work has shown that male Wilson’s Warblers tend to occupy the
northern areas of wintering ranges (presumably within the framework established by
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Kelly et al. [2002a] and Clegg et al. [2003]) , with females wintering in more
southerly locations, which could help account for differential timing of passage
through stopover in spring (Komar et al. 2005). It may also be that individuals with
more northern breeding grounds wait until breeding site phenology is sufficiently
advanced to allow for arrival and territory establishment (Alerstam 1990).
Fall
The longest distance migrants captured during fall had a total migration
distance often exceeding -5500 kilometers (southern Alaska to Honduras), while
short-distance migrants often had a total migration distance less than ~3000
kilometers (coastal California to central Mexico). Although the range of total
migration distances for migrants passing through Carpenter Tank in autumn was not
as great as during spring migration, there was still large variation throughout the
season.
Contrary to previous work (Kelly et al. 2002a) there was not a significant
correlation between date of passage and migration distance during fall migration,
indicating that during the autumnal migration of 2006, Wilson’s Warblers using
Carpenter Tank as a refueling site did not exhibit an obvious leapfrog migration
strategy.

However, there was a nearly significant relationship between sex of

individuals captured and timing of passage through stopover, with females tending to
arrive earlier than males, in contrast to spring migration.

The lack of obvious

relationships between timing of passage through stopover, breeding latitude and sex,
is likely due to a significantly smaller sample size than during spring migration, or
when compared to sample sizes from previous studies (Kelly et al. 2002a, Yong et al.

52
1998). However, Otahal (1995) and Yong et al. (1998) also failed to show sexual
segregation in timing of fall migration in Wilson’s Warblers at stopover sites in
California and New Mexico, respectively.
A purported explanation for leapfrog migration in birds is that individuals
with shorter migration distances reach suitable breeding and wintering grounds first,
and individuals with longer total migrations are then forced to continue past these
areas to sites free from competition (Alerstam 1990, Kelly et al. 2002a). However,
results in timing of migration found by Kelly et al. (2002a) suggest otherwise, as
long-distance migrants were shown to pass through first in fall (a trend not shown by
this study). It may simply be that during spring migration, birds breeding the farthest
north are constrained by delayed phenology in northern breeding or stopover areas
(Alerstam 1990), a problem that generally does not occur when returning to tropical
wintering grounds. It may also be that climate change is disproportionately affecting
southern wintering birds compared to more northerly winterers, as annual dry seasons
in arid habitats (i.e., the Sonoran Desert) have been shown to arrive earlier with
increasingly warming climates (Jenni and Kery 2003).

This in turn may lead to

increasingly inhospitable stopover sites during fall migration, particularly for trans
Sonoran migrants that winter the farthest south; leading to advanced timing of
migration in long-distance versus short-distance individuals during autumnal
migration (Jenni and Kery 2003).
Lack of sexual segregation during autumnal migration in Wilson’s Warblers is
likely due to the different selective pressures facing spring and fall migrants
(Alerstam and Lindstrom 1990).

It is unknown whether Wilson’s Warblers are
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territorial on wintering grounds, and it may be that certain populations respond to
between season variability in food availability differently, or that members of
populations with limited suitable wintering habitat establish territories (Marra et al.
1993, Greenberg et al. 1996). The need to establish winter territories may then favor
time minimization, and as both sexes establish territories in many winter-territorial
passerine migrants (Marra et al. 1993, Marra 2000, Studds and Marra 2005), both
males and females are pressured equally to minimize time spent during autumnal
migration. Regardless, the selection pressures facing migrants are multi-faceted, and
it is unlikely that the evolution of leapfrog migration or differential timing of
migration between sexes in Wilson’s Warblers is due exclusively to a single selective
pressure (Alerstam and Lindstrom 1990, Alerstam 1991, Gudmundsson et al. 1991,
Hedenstrbm and Alerstam 1995, Fransson and Weber 1997, Weber et al. 1999) or
ecological variable (Farmer and Wiens 1998).

Stopover Duration
Previous studies on stopover duration in Wilson’s Warblers have relied on
physical recapture of marked (banded) birds (Otahal 1995, Yong et al. 1998). This
method is undesirable as it may be biased toward individuals that are easier to capture
or those in poor condition that remain at stopover longer (Morris et al. 2005), or may
be missing many birds that learn to avoid mist nets (MacArthur and MacArthur
1974). Most studies that relied on physical recapture of previously marked birds have
then employed capture-mark-recapture (CMR) modeling techniques to estimate total
stopover duration (Schaub and Jenni 2001a, Schaub et al. 2001, 2008, Moms et al.
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2005, Arizaga et al. 2008). However, recent studies at smaller and more isolated
stopover sites have employed techniques based on resighting individually marked
birds (as a substitute for physical recapture), and estimates of stopover duration using
minimum length of stay (MLOS) methodology were then used (Dierschke and
Delingat 2001, Dierschke et al. 2005). As my study site was very small and isolated,
and preliminary results using a modeling (AIC) approach returned high resighting
probabilities, I also chose to use MLOS methodology.
I contend that previous work relying solely on physical recapture of banded
birds (Otahal 1995, Yong et al. 1998) has underestimated stopover duration for
Wilson’s Warblers (and likely for other Neotropical migrants) (Schaub et al. 2001,
2008, Arizaga et al. 2008). Indeed, at stopover sites in the Southwest, Yong et al.
(1998) found a maximum length of stay for recaptured birds of just over 5 days
(during both spring and fall migration), similar to that reported by Otahal (1995) in
California (during fall). However, when substituting field observations (resighting)
for physical recapture, I found a maximum MLOS at stopover of 31 days (during
spring migration), with a number of individuals remaining between 5 and 30 days. It
is likely that many birds remaining at stopover simply learned to avoid mist nets
(MacArthur and Mac Arthur 1974), resulting in a low recapture rate.

For avian

migration research at stopover sites that are small and isolated and where resighting
probability is high (i.e., a large percentage of suitable habitats in the desert
Southwest), I suggest that future studies rely more on resighting marked birds than on
physical recapture to fulfill the requirements of CMR or MLOS methodologies.
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Spring
During spring migration 2006, there was marked variation in time spent at
stopover as the season progressed.

Early in the season, individuals stayed

significantly longer on average than later, though overall, the majority of birds stayed
only for a single day. Birds staying longer at the beginning of the season were almost
exclusively males, though males arriving on any given day did not stay significantly
longer than females. Although there was a significant relationship between timing of
passage through stopover and 5D, there was no correlation between stopover duration
and migration distance when examining the entire season. However, when spring
migrants were divided into stopover classes based on arrival date, there was a
marginally significant relationship between stopover duration and total migration
distance early in the season, with short-distance migrants staying significantly longer
at stopover than their long-distance counterparts.
These results suggest that short-distance migrants that spent more time at
stopover were under less pressure to minimize time spent during migration (Delingat
et al. 2008, Schaub et al. 2008). For these birds in the early stopover class, it is then
reasonable to assume that length of stay at stopover must be related to either time
needed to refuel properly (Alerstam and Lindstrom 1990, Weber and Houston 1997,
Weber et al. 1999) and hence relative food abundance at the stopover site (or perhaps
physiological adaptation), or to an extrinsic cue(s) that triggered onward migration
(Helm and Gwinner 2005, McGrath and van Riper III 2005). Short-distance migrants
with breeding grounds relatively close to the stopover site might rely on photoperiod
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(Helm and Gwinner 2005) or stopover site phenology cues (McGrath and van Riper
III 2005) (or a combination of both) before continuing on to breeding locations.
There is also the possibility that competition among migrants for food resources
affected total time needed to refuel (Hutto 1998, Kelly et al. 2002b, Shochat et al.
2002, Cerasale 2004) and therefore stopover duration, although capture rates
increased significantly toward the end of spring migration (indicating increased
competition later), and all birds with long stopovers arrived early. Finally, previous
work has suggested that changing day length during migration seasons may lead to
changes in speed of migration (Ellegren 1993, Alerstam 2003, Bauchinger and
Klaassen 2005), which could explain the change in stopover durations seen during
spring.

Again, it is likely that a suite of factors, including intrinsic migratory

optimization pressures and extrinsic ecological variables dictate stopover duration
across a season and for migrants with varying total migration distances (Alerstam and
Lindstrom 1990, Alerstam 1991, Gudmundsson et al. 1991, Hedenstrom and
Alerstam 1995, Fransson and Weber 1997, Farmer and Wiens 1998, Weber et al.
1999).
Fall
During autumnal migration 2006, there was little variation in time spent at
stopover. Nearly all birds captured remained at stopover for only a single day, with
no significant differences between sexes or throughout the season. This result may be
due to a relatively small sample size, although it is reasonable to assume that the
different pressures acting on fall migrants contributed to different stopover behavior
(Alerstam and Lindstrom 1990).

As mentioned previously, territoriality on the
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wintering grounds might have led all birds to attempt to minimize total time spent
migrating (Marra et al. 1993, Greenberg et al. 1996). Also, food availability and
corresponding ability to refuel quickly (Schaub et al. 2008) or lack of competition
from other migrants may have played a role (Hutto 1998, Kelly et al. 2002b, Shochat
et al. 2002, Cerasale 2004), although refueling rate was not higher on average during
fall migration when compared to spring. Finally, recent work suggests that climate
change may be advancing migration speed in long-distance migrants during fall, as
seasonal changes leave stopover sites in arid environments inhospitable earlier each
year (Jenni and Kery 2003). Again, it is unlikely that a single factor contributed
solely to the short stopovers seen during fall migration, and it is likely that
optimization pressures (Alerstam and Lindstrom 1990, Alerstam 1991, Gudmundsson
et al. 1991, Hedenstrom and Alerstam 1995, Fransson and Weber 1997, Weber et al.
1999) combined with ecological variables (Farmer and Wiens 1998, McGrath and van
Riper III 2005) helped shape this behavioral strategy.

Body Condition and Fuel Load
Indicators of body condition (body mass, fat score and condition index) for
individual birds were all significantly related to date of capture during spring
migration. There were no relationships found with body condition or fuel load and
migration distance or timing during fall migration. During spring however, none of
these indicators was significantly related to stopover duration or total migration
distance, although the seasonal trend showed birds arriving later (longer-distance
migrants) had increased fuel stores and body condition. As most birds were captured
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immediately after arrival at stopover, it is reasonable to assume that late-season birds
were in better condition than early-season birds when landing at Carpenter Tank
(Dierschke and Delingat 2001, Dierschke et al. 2005). This difference might be due
to vagaries of the 2006 season which extended along migration routes, or to different
strategies employed by early versus late migrants (Alerstam and Lindstrom 1990,
Alerstam 1991).
Although statistical analysis did not show a relationship between fuel stores or
body condition and total migration distance, it is still possible that longer-distance
migrants (which passed through stopover later) employed different stopover or flight
strategies than their short-distance counterparts (which passed through stopover
earlier). With significantly shorter distances to travel en route to breeding grounds,
early-arriving migrants may engage in extended flights and limit refueling to fewer
stopover sites in order to minimize predation risk (Weber et al. 1998a, Schmaljohann
and Dierschke 2005, Pomeroy et al. 2008) or time spent migrating (Alerstam 1990,
1991, Alerstam and Lindstrom 1990), as each individual stopover site includes search
and settling (time) costs (Delingat et al. 2006).

Later-arriving birds might then

choose to use short-hop flight strategies and carry more fuel reserves in order to deal
with the hazards of longer migrations, including increased exposure to unpredictable
weather events or uncertain food availability at stopover (Alerstam 1991, Dingle
1996, Fransson and Weber 1997, Weber et al. 1998a, Cimprich et al. 2005).
Evidence of this phenomenon has recently been found in Northern Wheatear long
distance migrants and is surmised to be part of a time-minimizing strategy (Delingat
et al. 2006). This could lead to differential condition and levels of fuel stores over the

59

course of the season in species with temporally segregated migration. Again, it is
likely that interplay between ecological variables and optimization pressures dictate
approaches to migration in early-arriving versus late-arriving birds (Alerstam and
Lindstrom 1990, Alerstam 1991, Gudmundsson et al. 1991, Hedenstrom and
Alerstam 1995, Fransson and Weber 1997, Farmer and Wiens 1998, Weber et al.
1999).

Metabolite Profiles and Refueling Performance
Spring
During spring migration, triacylglycerol (TAG) levels, P-OH-butyrate
(BUTY) levels and refueling index (RI) were all significantly correlated with date of
capture. Early in the season, TAG levels and refueling index values were lower,
while BUTY levels were higher, indicating that birds arriving at the stopover site at
the beginning of the season refueled at a lower rate than those arriving later.
Although there were significant correlations between BUTY and 5D, as well as
refueling index and 5D, when controlling for body condition using adjusted refueling
index, on any given day there was no relationship between any indicator of refueling
rate and migration distance.

There was also no relationship between stopover

duration and refueling rate, though birds arriving at the stopover site earlier (shortdistance migrants) stayed longer on average and refueled at a lower rate than those
arriving later.

The seasonal trends generally indicate that long-distance migrants

refueled at a higher rate than their short-distance counterparts.
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The trend in refueling rate found during spring migration supports the concept
of short-hop migratory flights with daily stopovers as a time-minimization strategy in
long-distance migrant Wilson’s Warblers (Delingat et al. 2006). Previous work on
Northern Wheatears has shown that long-distance migrants may have lower search
and settling costs than short-distance migrant individuals (Delingat et al. 2006),
indicating that birds with increased migration distances may be able to gain mass
shortly after arrival at stopover. This explanation is also supported by the seasonal
relationship during spring migration in stopover duration, with early arriving birds
(short-distance migrants) staying significantly longer at stopover than long-distance
migrants, suggesting increased search and settling costs for shorter migrating
Wilson’s Warblers (Delingat et al 2006).

However, it is unlikely that a single

selective pressure has led to increased refueling rates in long-distance migrant
Wilson’s Warblers, and individuals likely balance time-minimization concerns during
migration with other optimization strategies and constraints imposed by the
environment (Alerstam and Lindstrôm 1990, Alerstam 1991, Gudmundsson et al.
1991, Hedenstrôm and Alerstam 1995, Fransson and Weber 1997, Farmer and Wiens
1998, Weber et al. 1999).
Fall
During autumnal migration, there were no correlations between any indicators
of refueling rate and date of capture or stopover duration.

However, there were

significant relationships between TAG and ôD, BUTY and ÔD, and refueling index
and ÔD. These relationships reveal that on any given day when controlling for body
condition, long-distance migrants were refueling at a higher rate than their short-
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distance counterparts. This direct positive relationship between refueling rate and
migration distance suggests that long-distance and short-distance migrants utilize
stopover habitat differently, and again supports the concept of short-hop migratory
flights with daily stopovers during autumnal migration in Wilson’s Warblers
(Delingat et al. 2006). However, the lack of differences in stopover duration between
short and long-distance migrants during fall does not support the concept that long
distance migrants might have lower search and settling costs, and instead indicates a
possible physiological mechanism for increased refueling rates (Hume and Biebach
1996, Biebach 1998, Guglielmo and Williams 2003, Stein et al. 2005). With minimal
predation risk and high food abundance (anecdotal) at Carpenter Tank during
autumnal migration, it is reasonable to assume that all birds had relatively low search
and settling costs, and maintained maximal foraging intensities, which again suggests
a physiological mechanism underlies increased refueling rates in long-distance
migrants. Again, it is unlikely that a single environmental factor or selective pressure
has led to the evolution of differential refueling rates in short versus long-distance
migrant Wilson’s Warblers, regardless of the mechanism (Alerstam and Lindstrom
1990, Alerstam 1991, Gudmundsson et al. 1991, Hedenstrom and Alerstam 1995,
Fransson and Weber 1997, Farmer and Wiens 1998, Weber et al. 1999).
Foraging Intensity and Gut Size
There are both behavioral and physiological explanations possible for the
changes in refueling rate seen during spring and fall migrations.

Specifically,

migrants may change their refueling rate at stopover by modifying foraging intensity
(Houston 1998) or through changes in the gut (Hume and Biebach 1996, Biebach

62
1998, Guglielmo and Williams 2003, Stein et al. 2005).

Previously, foraging

intensity has been shown to be flexible, and is generally thought to be related to
predation risk at a stopover site (Houston 1998, Cimprich et al. 2005). However, as
this study showed negligible predation risk during both spring and fall migrations, it
is unlikely that Wilson’s Warblers chose not to forage at a maximal rate, unless they
were constrained by stopover site cues that delayed continuation of migration (Helm
and Gwinner 2005, McGrath and van Riper III 2005), or by weather conditions
unfavorable for foraging (Alerstam 1990) or continued migratory flight (Weber et al.
1998b, Liechti and Bruderer 1998).
Previous work on gut changes in migratory birds generally indicates that birds
may reduce gut size prior to simulated migratory flight (Hume and Biebach 1996), as
maintenance of a large digestive tract is considered to be a tradeoff with increased
muscle growth or increased fuel stores (Klaassen and Biebach 1994, Piersma and Gill
1998). This tradeoff means that mass gain is generally slow after arrival at a stopover
site however, as digestive structures may need to be rebuilt (Klaassen and Biebach
1994). In contrast, previous work has also shown that some species increase gut size
during migration to accommodate increased foraging intensity at stopover and
thereby increase refueling rate (Guglielmo and Williams 2003).

Other work has

shown that juveniles of some species have larger guts than adults during migration,
either due to a poor quality diet or to compensate for decreased foraging efficiency
(Stein et al. 2005). As increased gut size may lead to increased refueling rates among
individuals, a possible explanation for increased refueling rates in long-distance
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versus short-distance migrant Wilson’s Warblers is increased gut size in long-distance
migrants.

Plant Phenology and Food Availability
It is likely that flowering of mesquite trees (
Honey mesquite {Prosopis

spp.), in particular

glanduos), affected food availability at Carpenter Tank

during 2006. This was a year of extremes on BANWR, with total winter rainfall prior
to spring migration at nearly a 10-year low, followed by a monsoon season that
brought some of the highest rainfall ever recorded on the Refuge (M. Hunnicutt pers.
comm.). The result of this variation in rainfall throughout the year was a markedly
dry spring season, with delayed flowering of mesquite.

Though most migrants

passing through stopover sites in the Southwest utilize riparian habitat consisting of
cottonwood {Populus spp.) and willow (Salix spp.) to refuel (Skagen et al. 1998,
2005, Kelly and Hutto 2005), nearby mesquite stands provide an important secondary
food source (McGrath and van Riper III 2005). As the flowers on these trees provide
a significant resource for insects in the Southwest and a corresponding reserve for
insectivorous avian migrants (i.e., Wilson’s Warblers), there was almost surely a
delay in food availability during the spring season (although riparian habitat at
Carpenter Tank is located on a natural spring and showed phenology independent of
rainfall, adjacent mesquite habitat did not).

In contrast, during fall migration

mesquite flowered earlier than normal, and continued to flower throughout the record
monsoon season, providing an extended resource for migrants outside of the typical
riparian zone utilized during stopover. The phenology of Honey mesquite, which is
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one of the dominant overstory species on the majority of BANWR outside of the
limited riparian areas, is also known to provide cues that help avian migrants locate
suitable stopover sites during migration (McGrath and van Riper III 2005), though the
intricacies of site selection are poorly understood (Moore and Aborn 2000).
Unfortunately, no data was collected on plant phenology or food availability during
spring or fall migration in 2006. Due to limited resources I was unable to record
anything other than anecdotal evidence of flowering events and corresponding
increases in insect (food) abundance. The influences of plant phenology and food
abundance, and their effects on Wilson’s Warbler stopover duration, body condition
and refueling performance can only be speculative.

Predation Risk
Minimization of predation risk during stopover is a key component of optimal
migration (Alerstam and Lindstrom 1990, Alerstam 1991, Fransson and Weber 1997,
Weber et al. 1998a), and increased predation risk may lead to changes in migratory
strategies (Ydenberg et al. 2004), or basic morphology (Gosler et al. 1995). Although
I recorded instances when avian predators were seen at Carpenter Tank, these proved
infrequent, and only a handful of avian predators were noted during spring and fall
migrations.

However, risk of predation constitutes a significant hazard during

migration for all birds, including Wilson’s Warblers, and is a concern that must be
addressed when individuals are replenishing fuel stores (Alerstam and Lindstrom
1990, Alerstam 1991, Fransson and Weber 1997, Weber et al. 1998a),

Most

optimization models suggest that high rates of refueling are associated with low risk
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of predation (Alerstam 1990, Houston 1998, Hutto 1998, Weber et al. 1998a), though
more recent work indicates that high rates of refueling may be associated with
increased predation risk (Ydenberg et al. 2002). However, use of stopover sites with
high predation risk leads to increased refueling rates only in birds with decreased fat
stores (Ydenberg et al. 2002, Schmaljohann and Dierschke 2005, Pomeroy et al.
2008) and presumed increased mobility (and therefore increased predator avoidance).
Increased predation risk at stopover may also lead to altered behavior including
changes in foraging intensity (Houston 1998) or vigilance (Cimprich et al. 2005).
Although my study failed to demonstrate any significant effects of predation risk on
stopover behavior or refueling physiology, it was not a specific part of the study
protocol and should not be ignored by future researchers.

Weather
Hazards posed by unpredictable weather events along the migration route are
among the chief risk factors avian migrants must cope with during migration
(Alerstam 1990, 1991, Alerstam and Lindstrom 1990, Dingle 1996). Previous work
has shown that migrating birds facing an impending ecological barrier that offers little
or no chance of resting or refueling sites rely on arrival of favorable wind conditions
before departing stopover sites (Hedenstrom and Alerstam 1997, Weber et al. 1998b,
Liechti and Bruderer 1998, Dierschke and Delingat 2001, Delingat et al. 2008).
Although stopover sites in the northern Sonoran Desert are present, they are relatively
sparse, and the role that weather conditions, specifically wind, play in behavioral
decisions made by Wilson’s Warblers during migration is relatively unknown.
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Prevailing wind conditions may lead avian migrants to adopt different refueling
strategies or behaviors at stopover based on impending flight distances or total length
of migration, a subject examined by Liechti and Bruderer (1998) and Weber et al.
(1998b).

Although the present study did not specifically examine possible

correlations between prevailing winds or current weather conditions and stopover
behavior or physiology, it is possible that they play a significant role, and should not
be ignored by future researchers.

Conservation Implications
Until recently, most of the conservation efforts focused on Neotropical
migrant birds have centered on habitat loss on the breeding grounds, with wintering
grounds receiving increased attention only in the past two decades (Sherry and
Holmes 1995, Hutto 1998, Sillett and Holmes 2002). Despite the fact that migration
plays a large role in the annual population dynamics of many birds, a disproportionate
amount of research has continued to be directed elsewhere (Gauthreaux 1979, Hutto
1998, Mehlman et al. 2005).

Recently however, the conservation of Neotropical

migrants along migration pathways has begun to receive consideration, particularly
with continued declines in breeding populations (Robins et al. 1989, Hagan and
Johnston 1992, DeSante and George 1994, Hutto 1998), including populations of
Wilson’s Warblers (Yong and Finch 1997).
As this study demonstrates, birds with different total migration distances, both
within and among species, utilize stopover habitats differently. A full understanding
of these differences is necessary to develop a comprehensive conservation strategy
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that best addresses the needs of all migratory birds, particularly at stopover sites,
which demand increased attention (Hutto 1998, Mehlman et al. 2005). Results from
this study reveal the importance of small and isolated stopover habitats in the life
history of many Wilson’s Warblers from across the breeding range. As stopover sites
in the Sonoran Desert are sparse, the demonstrated use of these small sites by many
migrants indicates they are important staging areas during migration for many birds,
particularly as short and long-distance migrants may fulfill different energetic
requirements through the differential use of such sites. The relative importance of
these stopover sites is not restricted to Wilson’s Warblers, in fact, many Neotropical
migrants pass through the desert Southwest during both spring and fall migration
every year and stop to refuel in areas similar to Carpenter Tank (Skagen et al. 1998,
2005, Kelly and Hutto 2005). Without efforts to conserve these types of habitats,
slowing the declines in populations of many Neotropical migrant passerines may
prove impossible (Hutto 1998, Mehlman et al. 2005). A full understanding of the
multitude of selective forces acting upon migratory bird populations is necessary to
develop a comprehensive strategy for population management (Moore and Simons
1992, Moore et al. 1995, Sherry and Holmes 1995).

Future Research
Although this study helps to elucidate the physiological and behavioral
strategies used by Wilson’s Warblers during migration, there are a number of
questions that remain unanswered.

My work demonstrates the possibility (albeit

anecdotally) that refueling rate and length of stay at stopover may be related to food
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availability and local plant phenology. Future work focusing specifically on foraging
behavior and the relationship between migration distance, refueling rate and food
availability would be useful. Though predation risk appeared to be minimal in this
study, it remains an important factor in avian migration, and future studies focusing
on how predation risk affects stopover duration and refueling rates in Wilson’s
Warblers and other migrants passing through the desert Southwest would be useful.
Also, the impact that weather and prevailing winds play in refueling rate and
behavioral decisions in Wilson’s Warblers, particularly in relation to stopover
duration, deserves increased study. Further examination of autumnal migration, at
several sites where sample size could be increased, would help confirm the timing
relationships found previously in Wilson’s Warblers, and would allow a better
comparison between seasons to help understand the different selective pressures
facing migrants in spring and fall.

Finally, laboratory research into possible

physiological differences between long-distance and short-distance migrants from
within the same species, such as investigations into gut morphology or digestive
enzyme changes could prove useful (Stein et al. 2005). Regardless of the direction
future studies take, much remains to be learned about the relationships between
migration distance, stopover behavior, refueling physiology and a host of important
extrinsic variables (Bairlein 2008).

Conclusion
It is important to recognize the limitations of this study. Not only did data
collection occur for only a single year (one spring migration season and one fall
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migration season), but 2006 was a year of extremes in the desert Southwest, and all
conclusions should be considered in this context.

However, the findings still

highlight important avenues of future research, and hint at the possibilities that long
term and more robust studies of this system could yield. Further advancements in the
understanding of migration in North American passerines are certainly possible with
increased focus on this and similar systems, and by continuing to combine new field
and laboratory techniques.
Avian migrants face a multitude of selective pressures during both vernal and
autumnal migration. It is clear that these pressures act together to constrain and direct
evolution of avian life histories, particularly for passerines that are unable to complete
migratory journeys in a single flight. A host of intrinsic and extrinsic factors affect
the behavior and physiology of birds at stopover, as evidenced by the discussion
above.

This study has important implications for optimal migration theory.

Previously, refueling rate of avian migrants at stopover sites was thought to be a
characteristic of the habitat at a site, and the utilization of refueling resources a result
of interacting extrinsic variables such as predation risk, weather, and competition.
This work demonstrates that besides selective pressures to minimize total time spent
migrating, energy used while migrating or overall predation risk, total migration
distance is an important intrinsic factor that has implications for stopover behavior
and refueling physiology. Not only is refueling rate a function of habitat quality, but
it is also affected by the individual physiologies of migrants as well as the demands
imposed by the total migration distance of an individual. This presents a challenge to
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future development of migration theory, and provides a clear rationale for continued
empirical study into these relationships in the laboratory and in the field.
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M a n d a to ry C o m p le tio n

-

' e ^ tv ls w of

project

U se Section E. fo r Anim al N u m b e r J u s tific a t io n ; and F. & G. fo r E x p e rim e n ta l D e ta ils
1. R a tio n a le
Wilson’s Warblers (Wilsonia pusilla) are among the most common and widespread Neotropical-Nearctic migrants in western North America.
This species spends the winter far south of the Mexican-American border (central Mexico-northern Central America), while breeding from coastal
California to central Alaska. Great concentrations of these birds stopover at riparian and montane sites in suitable habitat throughout Arizona
while en route to breeding or wintering grounds. Previous studies suggest interesting patterns in timing of migration between northern and
southern breeding populations. Birds breeding at higher latitudes arrive later in the spring and birds breeding at lower latitudes arrive earlier.
Other studies on migratory Wilson's warblers have shown a correlation between stopover timing (and therefore total migration distance) and
I body mass on the stopover grounds. Whether or not these distinct populations utilize the same stopover habitat differently is unanswered.

i

Plasma metabolite assays provide a snapshot of individual refueling performance; ratios of metabolites in the blood plasma give a single-reading
rate of fattening or fasting. These assays have been used previously to assess habitat quality; we are interested in using them to examine_____
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j differences in refueling performance in different breeding populations that use the same stopover sites. Stable isotope analysis of avian tissues
provides a method of linking breeding and wintering grounds in migratory species. These ratios are reflected in feathers and vary depending on
! where geographically a given feather was grown. We propose to combine the use of these methods to gain insight into refueling performance of
different populations of a migratory passerine that utilize the same stopover site while migrating different distances.______________ ____________

2. Hypothesis
The proposed research will test the hypothesis that individuals within the same species (Wilson's warblers) exhibit different behaviours and
refueling performance at stopover sites based on overall migration distance.____________________________________________________________

S. Objective(s)
The objectives of the proposed research are: 1) to develop a new technique for studying migratory birds combining the use of stable isotope
analysis and plasma metabolite analysis and 2) using these techniques to determine whether or not birds within the same species utilize
stopover habitat differently depending on the length of their migration journey._____________________________________________ _____________
4 . Approach/Research Plan -

Wilson's warblers (10-15g) will be captured during both spring and fall migration at Buenos Aires National Wildlife Refuge in southern Arizona,
USA. Capture effort will begin the final week in March (2006) and continue through the end of May (2006) or until a sufficient sample size is
obtained. These birds will constitute the spring migrani group. The study site will be revisited in mid-August (2006) and birds will be captured
through the end of October (2006) or until a sufficient sample size is obtained (fall migrant group). Permission has been granted by Buenos Aires
NWR to capture Wilson's warblers in conjunction with an annual banding study conducted by refuge biologists. The research will be conducted
under Canadian Wildlife Service permit CWS CAG168, and State of Arizona as weli as US Fish and Wildlife Service permits are currently being
t applied for. Birds will be mist netted and promptly removed from the net. Captured birds will be placed in a light cotton bag to await processing,
j A blood sample will then be taken (100 uL), along with a feather sample (outer retrix 1 or 6 from the tail) and various morphological
measurements. A number band from USFWS as well as individually coded color bands will be applied. Birds will be released within a maximum
of 15 minutes. After release daily observations of the capture area will be conducted to search for colour-banded birds In order to estimate
stopover duration. Some birds may also be recaptured in mist nets providing an additional source of data for stopover duration.________________

E.

A N IM A L NUM BER JU STIFIC ATIO N BY EXPERIM ENTAL G R O U P -

___________

Option

________ _____________

Mandatory Completion R
ird
u
q
e
____

- Provide your own flow chart or tabular outline of anim al num ber per experimental group justification

External File Import instructions for PC:

this form using a

prior to this procedure (some com puters lose ;

p re v io u s ly e n te re d data). From EVlenu B ar go to 'View' T o o lb a rs ’ click 'Form s' to view Form s toolbar, click on ‘ Lock Icon’ to
d isable p rotection, C opy external file, then Paste into ceii below TH E N click on ‘Lock ico n ’ to reiock file_______________________ _____ j
Previous work on Wilson's warblers at stopover sites in the United States and Mexico shows a large amount of variation in date of arrival at
stopover sites for birds breeding at different latitudes. Previous studies using plasma metabolite assays show a large amount of variation based on
time of day and between individuals. Because of the large variation in breeding latitude and date, and because metabolite profiles show distinct
diurnal variation, group sizes of Spring and Fall Migrants were set at 200 and 300 respectively, in order to show differences in stopover performance
and behaviour. Differences in body mass at stopover grounds has been shown between age groups previously. The group size of Fall Migrants
was set at 300 individuals in order to attempt to examine the effect of age as we IFas sex, as Wilson's warblers can only be aged in the fall. It should

also be noted that numbers of captured individuals are not expected to reach the set maxtmums. However, should the opportunity be available, we
wish not to be limited by permitted numbers. Also worth noting is that the procedures to be performed on captured birds are minimally invasive
and have never resulted in serious harm to individuals or in mortalities. ____ ___________________ ______________________ _______ _______

O p tio n - U se th e fo llo w in g ta b le to d e s c rib e animal number p e r e x p e rim e n ta l g ro u p ju s tific a tio n - If more than 4
groups a re involved, reopen th is file, th e n complete for a d d itio n a l groups, providing a d iffe re n t n u m e ric Group IP # for e ach

Ex*

imental Group

#

of Experimental Group
&/or Species or Strain_______
: r-ra* .*• c íVi ' -.ii ì ^ oc • per
Experimental Group______
uhqroup Animal ISjymr
Animal Number Related
Detail

tel

a

(colum n d ire ctly left) to assign group to details in Sections F & G,
rig h t hand colum n_____________________________________

Use Experim ental
Spring Migrants
200

(colum n d ire ctly left). Use ID# in Sections F & G, rig h t hand colum n

<—A ssign sequential

2
Experimental Group
&/or Species or Strain

Fall Migrants
300

p er

Experimental Group
Animal Number Related
Detail

;AfV ji

,it2

o:

^ ¿ t-«-. ■

rurts. ,lc

ail

This study aims to examine stopover performance of migrating wild Wilson's warblers under natural field conditions. It is not possible to mimic
migration, particularly varying migration distance, in vitro or in the laboratory. Stopover performance and behaviour is dependent upon external
environmental conditions and these conditions are not replicable off-site. The procedures to be performed on captured birds are considered
minimally invasive, and will have no long-term adverse effects on individuals or on the population as a whole._____________________ _

r . EXPERIM ENTAL DETAILS y

1 til!;' •

. *C

MandaRequired

|liav - 'ad'. :sci in Sactfor
pro* r: de'f g ro u p *.
oipediires Involving animals In e n :;U or ti•►
U$tí il'O f iC . -f* iUCl i ’ -'iLiil
'
■».
.
•
1F. 1. Animal Use Endpoints - M a n d a to ry Completion for A ll Projects
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*

id e n tify
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“lr> experiments involving animals, any actual or potential pain, distress, or discomfort should be minimized or alleviated by
choosing the earliest endpoint that is compatible with the scientific objectives of the research. Selection of this endpoint by the
investigator should involve consultation with the lab animal vet and the animal care committee.’’ CCAC General Guideline
For SOP detail oo to hto..'w w w uwo.ea/animal/toebsite/VS/QontentSOPs.him
Birds will be released as quickly as possible after sampling and banding (maximum 15 min). In the extremely
Experimental
rare case of a serious injury the bird will be euthanized.
Endpoints

Euthanasia
SOPs

Pick all that will be followed
(Ei #320 Euthanasia
□ #321-Criteria for Early Euthanasia-Rodents
if ‘Other Criteria*, explain

□ #322-Criteria for Early Euthanasia-Non-Rodents
□ Other Criteria, please explain below

:

men
i •T*Z

Involving
T his E lem ent

□

ah Or
ID #s

E All Or
ID #s

Pick AH Euthanasia Methods That Will Be Followed & Provide Euthanasia Related Agent Use Detail Below

Euthanasia
Method

S cientific
Ju stifica tio n
Afternatives to
Euthanasia

□ Animals Not Euthanized
Agent Name |
Dose
Route
Volume
□ Baroiturate Overdose
;
C0 2
i
Q Decapitation under Anaesthesia
! If ‘O ther M ethod(s)’, explain
□ Decapitation with No Anaesthesia
□ Cervical Dislocation with Anaesthesia
□ Cervical Dislocation with No Anaesthesia
□ Other Method(s), Anaesthetized - explain
□ Other Method(s), Awake - explain
\ If Method Type Has An A ste risk , Provide S cie ntific Ju stificatio n
Because we monitor mist nets continuously, capture injuries are extremely rare. For such a rare event it is not
practical or desireable to keep anesthetic agents on hand, or to transport them back and forth across
international borders. Therefore, cervical dislocation offers a rapid and humane means of euthanasia,
Describe how animals will be ‘disposed o f if not euthanized

n

□ All Or
ID #s

□ All Or
ID #s

E l All Or
ID #s
* ~ 0 All Or
ID #s

Related
Endpoint Detail

F. 2. Agent Use
13 No Agent Use (Go to

I

3.)
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D o e s this
ag ant h a v e
po jential to
c a u s e pain or
p r o n o u n c ed
d e b ilita tio n ?

Identify

Involving
This A gen t

sC
un

identify

F. 3. Anaesthesia

Surgery

$«¿tion

Recovery Projects

yExpadm&ntal
ID ##
Involving
T h is E lem en t

[X] No Surgery or Anaesthesia or Recovery Elements
F, 4. Antibody Production
IE No Antibody Production

(G o to F .5 .)

SOPs To Be Followed

—

F. 5, Monitoring

Identify

Chronic Projects - l.e. Post-op, Feed. Drug and/or Disease induction Studies

No Monitoring or Chronic Elements

sT«p IOth

(G o to F 6 .)

Involving
T his E lem en t

F. 8 Breeding
: [X! N o breeding elements

( G o to

F. 7, Blood Collection___________
I j No Blood Collection (G o
F .8 .)
Is fasting involved?

Q Y es £3 No

Identify

& 0 C tf.

If Yes, provide justification & duration detail

SOPs To Be Followed
| [xj 380-Blood Collection/Volumes/Multipie Species
r Q Please detail any changes to the chosen SOP
-------------------------------------1
P u rp o s e

S p e c ie s

Involving
This Element

I

Volume

S ite

F re q u e n c y

Time
Between
Bleeds

Anaesthetic
Yes or No?

Other, detail below

once

NA

No

i
Physiological Parameters

Related Blood

Songbird

1G0ul

[3 All or
ID #s

; Blood will be collected from the brachial vein of the w ng. approximately 100ul or 10% of calculated blood volume will
Anima! Use Protocol
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o\

! Collection Detail

! be drawn into heparinized capillary tubes.

F. 8 Genetically Altered Animal Information
1X1 N o Genetically Altered Animals Used (Go to F. 9.)

Procedure
Number

F. 9. P rocedural D e scription - M a n d a to ry C o m p le tio n fo r AH P ro je c ts

1
2

3

4
5

p ro v id e s- d e ta ile d $ rc*c scfurai c le s crip tfo ii o f all s ih i a! re te is d evs?

D oes this
procedure
have
potential to
c a u se
pain or
pronounced
debilitation

?

Mist netting. N e ts are s e t up in su itab le habitat and are o p en during p eak activity tim e s (m orning and p ossibly early
ev en in g ), Birds fly into a fine nylon net which is m onitored ev ery 1 0 - 2 0 m inutes. Birds are d isen ta n g led by highly
trained p e r so n s and p laced in a light cotton bag. After brief p ro ce ssin g (1 5 minute m axim um ) they are relea sed .
B lood sam pling. B lood will be sa m p led from th e brachial vein im m ediately after initial capture. Sm all contour feath ers
(co v erts) are trimmed or p u sh e d a s id e from th e area. T he vein is pricked with a sterile 2 6 ga. n e ed le and 75 - 100 uL
(up to 10% blood v o lu m e) is co llected into a heparinized microcapiiiary tube. B leed in g is sto p p ed by co m p ressio n with
cotton and sty p ic solution or pow der is u sed in rare c a s e s .
F eath er sam pling. A sin g le feath er will b e pulled for isotop ic an alysis. T he feath er will b e either outer retrix 1 or 6 from
th e tail, W hile pulling th e fea th er m ay result in slight tem porary discom fort, it is preferable to clipping b e c a u s e it allow s
for th e feath er to b e regrown im m ediately. A clipped feather will not b e rep laced until after th e su b se q u e n t breeding
sea so n .
M orphological m ea su r e m e n ts, After blood and feather sam p lin g, various m orphological m e a su rem en ts will be taken.
T he birds will b e w eig h ed , c o m p r e s se d w ing chord, tarsu s length, and e x p o se d culm en will b e m easu red , and the
individual will be visually fat sc o r e d . T h e birds will be s e x e d and in th e fall will b e a g e d by visual inspection of plum age
and skull ossification
N um ber and colour banding. After m easu rin g and prior to r e le a se , o n e alum inum num ber band and up to three plastic
colour b a n d s will be applied to th e ta rsu s a b o v e th e foot. Colour b a n d s will b e applied in an individually recogn izable
s e q u e n c e , and num ber b a n d s will a lso b e unique (provided by U SF W 3).

G . A N IM AL R E Q U IR EM EN TS ___

Mandatory CompletionR e q u i r e d _________

__________ __________ _________ __

Upcoming Year Only_____

__ _________ ___ _______ *Use bottom row of this section to add m ore detail to a n y colum n*
A n im a l U se P ro to c o l

Pane 9

identify
■■' ii p.=0 ÿ;,.
Involving
This
Procedure

0

□ Yes
□ No

¡D#s

□ Yes
□ No

E ] Ali o r
ID#&

□ Yes
□ No

ID #5

□ Yes
□ No

ID # s

□ Yes
□ No

ID # s

All or

ERI All or

□
□

All or

All or

Use Section F. 3 for sura erv related housing & bottom of this section for all other housing justification

Animal Housing
Strain

A bbreviations:
C B M -C en tre for Brain & M ind
HSACF-H ea lth S c ie n c e s Anim at Care Facility
L H B l-L aw son Health R e se a rc h Institute. St. J o e ’s
LHSC-U 0 « U niversity C a m p u s L H S C - S South S tre e t
LHSC-VRL-Victoria R esea rch Lab LRCC-L o n d o n R egional C an cer Centre
RACF= R o b e rts B erner Facility R E B - R o b e rts E xperim ental Barrier
WVB~ W est Valley Bldg
!
If
U s e d In
R equired,
Use/Lab
Housing
Room
Breeding
i.e. barrier, lab, F ield
#
Location
Location
?
S tu d y , O th e r
P rovid e D etails

B s/or

!

Species

Other
Species
Detail

Age or
Weight

Wilsonia
Songbird

Adult and
fled g ed
ju v en iles
(1 0 -1 5 a )

pu silia

Non-approved
Housing Justification
Animal
Requirement Detail

H . ADDENDA _

Sex

NA
M/F

Field Study

Field Study

Special
Details

1 Year
Total

Complete
o n ly if

¿lum bers

“ e ‘ a. ; y

d ie t is n o t
a d e q u a te

NA

NA

No

500

j

_ ...............................................................

A ddendum 1 - Teaching ONLY
A ddendum 2 - W ild life Study ONLY

i

[X] No T eaching Elements
□ No W ild life Study Elem ents

Perm it Type(s) US Fish and Wildlife Service, State of Arizona,
Perm it Num ber(s) CW S C A 0 168, USFW S and A Z permits being
Scientific Collection and Export, Canadian Wildlife Service Import
applied fo r
Date Perm it(s) Issued mm/dd/yy
I I
I I
Date Perm it(s) E xpires mm/ dd/ yy
i t
I I
/ /
Describe nature o f capture, restraint, and transportation of anim als used. Birds will be captured in fine nylon mist nets. Nets are monitored
continuously and birds will be removed immediately by highly trained personnel. The bird will be held in a light cotton bag until blood sampling
and measurement.
Describe potential injuries o r m ortality during capture o r transportation. In very rare cases a bird left too long in a mist net may dislocate a
leg or injure a wing. Tongue entanglement is not an issue with very small birds like Wilson's warblers.
O the r Field Study Details: Work will be conducted in spring and fall at the Buenos Aires National Wildlife Refuge in Arizona, USA. The refuge
biologist and a field technician wili assist in the studies.
Animal Use Protocol
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Addendum 3 - Hazardous &/or Biological Agent Use ONLY —Occupational Health and Safety
lx ] No Hazardous &/or Biological A gent Use
_ __
__ _____
_
.... _
____

vO
o
Animal Use Protocol
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I. D E C L A R A T IO N
1. I believe that the proposed animai use conforms to my stated objectives, will advance knowledge and will employ the
best methods on the smallest number of animals to obtain valid information.
2. I believe that, wherever possible, all procedures having the potential to cause pain or stress have been refined and/or
reduced to minimize animal discomfort.
3. 1 confirm that the experimental method accurately describes ALL the proposed animai use. I accept responsibility for
procedures performed on animals in this project. All procedures will be carried out by, or under the guidance of trained
and competent personnel using recognized techniques.
4. All animals in this project will be used in compliance with the regulations of The Animals for Research Act of the
province of Ontario, the guidelines of the Canadian Council on Animal Care and the policies and procedures of the
University of Western Ontario Council on Animal Care.
5. I am aware that the data provided in this protocol will be entered into the Animal Research Protocol Management
System and submitted to the Canadian Council on Animal Care.
6. S will ensure that any individual, who will perform any procedure(s) as described in this protocol, will complete all
related mandatory training and will be familiar with the contents of this document.

A uthorization Project Title -

Please

Pleaserepeat title used on page 1 Physiological ecology of migratory birds during stopover refueling

Principal investigator or Course Director
Print Name - Christopher G. Guglielmo

Date
mm/dd/yy

12/15/05
! Signature AUS
Office
APPROVAL OF ANIMAL USE SUBCOMMITTEE

: Signature of Reviewing Veterinarian -

Date -

Signature of AUS Chair -

Date -

mm/dd/yy

!

/

mm/dd/yy

/

i

1

o
o
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Appendix lb. Environment Canada, Canadian Wildlife Service (CWS) Scientific
Capture and Import permit number CA-0168, issued to Dr. Christopher G. Guglielmo
(CGG).
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Cnnac,CANAMiN WILDÜFE SERVICE » PERMIT
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University of Western Ontario
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MIGRATORY BIRD REGULATIONS
*. .. ................ .
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Christopher

Dopartmfiiît of Biology

1151 Richmond Street North
London On
NSA 587
jO»?* "t. WA*
jSateii«rj?sii5rt
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December 31,2007

June 21, 2005
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Spécial Conditions - Conditions spéciales
1. This permit is valid to import and to possess, for the purposes of scientific research, blood samples of migratory
birds, as lawfully obtained by collectors as located in the United States, Central and South America.
2. The transportation, possession and disposal of migratory bird specimens, as obtained must comply with
Canadian Food Inspection Agency conditions.
3. All specimens obtained under authority of this permit shall ho retained at the Dept, of Biology, University of
Western Ontario. London, ON.
4. No specimens may be bought, sold, offered for sale, or otherwise made subject of a commercial transaction.
5. Ail specimens not retained for research purposes must be destroyed in accordance with approved laboratory
waste disposai practices of the University of Western Ontario.
6. The permittee will send 3 written annual report to the Canadian Wildlife Service, 867 Lakeshore Road,
Burlington. ON., L7R 4A6, by January 31 of each year following, indicating the results of the project.

/

im

Canada
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Appendix lc.

United States Department of the Interior (USDI), United States

Geological Survey (USGS) Bird Banding Lab (BBL) Master Banding Permit number
23423, issued to Quentin R. Hays (QRH).

104
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United States Department of the Interior

U.S. GEOLOGICAL SURVEY
PATUXENT WILDLIFE RESEARCH CENTER
BIRD BANDING LABORATORY
12100 BEECH FOREST ROAD STE-4037
LAUREL, MD 20708-4037
301-497-5790
FEDERAL BIRD BANDING PERMIT
Permittee:

Permit Number:

Personal

23423

MR QUENTIN R HAYS

Action:

Action Date:| Issue Date:

Issue

04/07/06

04/07/06

Valid Until:
04/30/08

Signature of Issuing Official,
Chief, Bird Banding Laboratory

DEPT BIO, UNIV WESTERN ON
1151 RICHMOND STREET NORTH
LONDON, ON N6A 5B7

Slanature of Permittee

Permittee agrees to band in accordance with the general conditions on the reverse side of this permit and with the specific
authorization/s listed below:

Permittee is Authorized To Band:
WILSON'S WARBLER
In the States of:
AZ

*

With Special Authorization to:
Trap
Use mist nets
Band
Take blood samples
Take feather samples

And Additionally Authorized to Use The Following
Auxiliary Marking Authorization/s:

Marker Type

Species

01A Plastic
WILSON'S WARBLER
Colored Leg
Band

Colors
Black, Blue,
Green, Orange,
Pink, Purple,
Red, White,
Yellow

Locations
Pima, AZ

Comments
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Appendix Id. United States Department of the Interior (USDI), United States Fish
and Wildlife Service (USFWS) Scientific Collecting and Export Permit number
MB 121152-0 issued to Quentin R. Hays (QRH).
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DEPARTMENT OF THE INTERIOR

<W)

U.S. FISH AND WILDLIFE SERVICE
7
.AUTHORITY-STATUTES

FEDERAL FISH AND WILDLIFE PERMIT

16 USC 703-712
16 USC 1538(f)

REGULATIONS (Attached)

50 CFR PART 13
50 CFR 21.23
50 CFR 21.21
50 CFR 14.31

1. PERMITTEE

QUENTIN R. HAYS
UNIVERSITY OF WESTERN ONTARIO
DEPT OF BIOLOGY

3. NUMBER

MB121152-0

1151 RICHMOND STREET NORTH
LONDON, ONTARIO, N6A 5B7

4. RENEWABLE
r

CANADA

' YES

j..... Ì NO
G, EFFECTIVE

02/25/2006
a. NAME AND TITLE OF PRINCIPAL OFFICER (
I
f
»Usab
u
s
i
n
e
s
s
)

5. MAY COPY

j

YES

j

NO

7. EXPIRES

12/31/2006

S, TYPE OF PERMIT

SCIENTIFIC COLLECTING/IMPORT/EXPORT/PORT

10, LOCATION WHERE AUTHORIZED ACTIVITY MAY BE CONDUCTED

ARIZONA
BUENAS AIRES NATIONAL WILDLIFE REFUGE
PIMA COUNTY
SASABE AZ
11. CONDITIONS AND AUTHORIZATIONS'
A. GENERAL CONDITIONS SET OUT IN SUBPART DOF 50 CFR 13, AND SPECIFIC CONDITIONS CONTAINED IN FEDERAL REGULATIONS CITED IN BLOCK #2 ABOVE. ARE HEREBY
MADF. A PART OF THIS PERMIT. ALL ACTIVITIES AUTHORIZED HEREIN MUST BE CARRIED OUT IN ACCORD WITH AND FOR THE PURPOSES DESCRIBED IN THE APPLICATION
SUBMITTED. CONTINUED VALIDITY, OR RENEWAL, OF THIS PERMIT IS SUBJECT TO COMPLETE AND TIMELY COMPLIANCE WITH ALL APPLICABLE CONDITIONS. INCLUDING THE
FILING OF ALL REQUIRED INFORMATION AND REPORTS.
B. THE VALIDITY OF THIS PERMIT IS ALSO CONDITIONED UPON STRICT OBSERVANCE OF ALL APPLICABLE FOREIGN, STATE LOCAL OR OTHER FEDERAL LAW.
C. VALID FOR USE BY PERMITTEE NAMED ABOVE.

I

Permittee is authorized to live-trap and release in the same area within 24 hours, a total o f five hundred (500) Wilson Warblers
{ W ils o n in p u s illc i)

to take feather and blood samples for scientific/research purposes for duration o f permit.

D. Authority is granted to take migratory birds, eggs, and nests as listed above, for scientific and educational purposes. Permittee is
authorized to import/export specimens of the authorized migrator)' birds including carcasses, parts, blood and/or tissues. Additional
authorization is required lo import/export bald and golden eagles, threatened and endangered species or species listed under CU ES.
E. Ten days prior to each import or export the permittee must furnish the issuing office the information required in 50 CFR 2I.2B (1)
through (6) or a completed form 3-177, Declaration for Importation or Exportation o f Fish or Wildlife.
F. Permittee must notify the U.S. FWS per attached phone numbers
G. Permittee must also comply with the attached standard conditions for scientific collecting, migratory bird import/export and
designated port exception permits.

j

ADDITIONAL CONDITIONS AND AUTHORIZATIONS ALSO APPLY

2. REPORTING REQUIREMENTS

REPORT DUE: 1/31/2007

TITLE

DATE

FOR: ARD-MIGRATORY BIRDS & STATE PROGRAMS

02/25/2006

I

107

Appendix le.

State of Arizona, Arizona Game and Fish Department (AZGFD)

Scientific Collecting Permit number 298399 issued to Quentin R. Hays (QRH).

A R IZ O N A BANE & F IS H D E P T
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Attachment A- Scientific Collecting Permit Stipulations
Calendar Year 2006
University of Western Ontario- Biology Dept.
Q u e n t in R. H a y s

1.

The following are agents under this permit: Colleen Bitter
The permittee OR the agents MUST be present at all activities conducted under authority of this permit
and must have a copy of the permit and stipulations present at all times while conducting activities.

2.

3.

This permit allows stipulated activities to be conducted: on the Buenos Aires National Wildlife Refuge
(Pima County).
You are authorized to capture, take blood and feather samples, and release up to 200 Wilson’s warblers
Wilsoniapusilla) during the spring migration and up to 300 during the fall migration. Non-target
species must be released without taking samples.

(i

END
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Appendix If. United States Department of the Interior (USDI), United States Fish
and Wildlife Service (USFWS), Buenos Aires National Wildlife Refuge (BANWR)
Special Use Permit number 2006-042 issued to Quentin R. Hays (QRH).
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Station No. to be Credited

UNITED STATES DEPARTMENT OF THE
INTERIOR
FISH AND WILDLIFE SERVICE
BUENOS AIRES

Permit Number

22530

2006-042

Date

National Wildlife Refuge

3-20-6
Period of Use (inclusive)

SPECIAL USE PERMIT
Permittee Name

From

03/24/2005

19

To

06/01/2006

19

Permittee Address
Quentin Hays

University of Western Ontario
1151 Richmond St., N
London, ON N6A 5B7
(519)661-2111 ext 86491

Purpose {specify in detail privilege requested, or units of products involved)
Banding, pulling tail feathers, observing - Wilson's Warblers

Description (specify unit numbers; metes and bounds, or other recognizable designations)
Creek. Cienega, HQ, tank and any location throughout the Refuge that may be frequented by Wilson’s Warblers. Any activity at the
Arivaca Creek and adjacent area must be cleared through Law Enforcement in advance, 24 hours notice is requested. No activity will
take place in this area if no Law Enforcement personnel are available.

Amount of fee

if not a fixed payment, specify rate and unit of charge:

Payment Exempt -Justification:

Study

Full Payment
Partial Payment -Balance of payments to be made as follows;
Record of Payments
N/A

Special Conditions
Please carry a copy of this permit with you while on the Refuge - This permit must be available for inspection by Law Enforcement
personnel
Please furnish Mary Hunnicutt, Sr. Biologist and Sally Gall. Asst. Manager with a report detailing results.

This permit is issued by the U S. Fish and Wildlife Service and accepted by the undersigned, subject to the terms, covenants, obligations,
and reservaticjpsTjexpressed or implied herein, and to Ihe conditions and requirements appearing on the reverse side.

Permittee Sigi

Firm 3-13M (Rev

Appendix 2.
Banding data for spring field season 2006. All leg bands were size 0A. Color band abbreviations: AL = aluminum (USGS
numbered band), BK = black, B = blue, LB = light blue, R = red, P = purple, LP = light pink, HP = hot pink, G - green, O =
orange. Recapture data is not included. One bird escaped before color bands were applied. All birds listed were blood and
feather sampled. Birds were sexed according to Pyle (1997).

Date

Time

Band
Number

3/28

0945

3/28

1105

3/29

0755

3/29

1055

3/30

1020

3/31

0900

3/31

1055

4/1

0800

4/1

0950

4/1

1120

238043749
238043750
238043751
238043752
238043753
238043754
238043755
238043756
238043757
2380-

Color
Combo
(left)
BK/AL

Color
Combo
(right)
B/R

Sex

Age

M

P/AL

HP/G

LP/AL

Fat
Score

A

Body
Mass
(g)
6.5

2

Tarsus
Length
(mm)
19.2

Wing
Chord
(mm)
56.0

Exposed
Culmen
(mm)
5.7

M

A

6.7

2

17.0

55.5

5.9

BK/LB

M

A

8.1

5

18.5

54.5

6.0

HP/AL

B/G

F

A

6.2

3

18.6

52.0

6.1

B/AL

HP/B

M

A

5.9

2

18.3

53.5

6.0

LB/AL

G/LB

F

A

6.0

2

18.0

52.0

6.0

R/AL

P/R

M

A

6.7

2

17.7

54.5

5.6

O/AL

RIO

M

A

6.8

3

18.5

56.5

6.0

BK/AL

BK/G

M

A

6.6

3

19.0

57.0

6.5

P/AL

P/R

M

A

6.2

3

18.3

52.0

6.0

4/4

1100

4/4

1110

4/4

1125

4/5

0810

4/8

0810

4/8

0820

4/8

0915

4/8

1250

4/8

1300

4/9

1105

4/9

1150

4/11

0705

4/11

0720

4/11

0735

43758
238043759
238043760
238043761
238043762
238043763
238043764
238043765
238043766
238043767
238043768
238043769
238043770
238043771
238043772

G/AL

G/R

M

A

7.1

3

17.2

55.5

6.2

HP/AL

HP/LB

M

A

6.9

2

18.7

56.0

6.6

LP/AL

B/LP

M

A

6.4

1

17.8

55.5

6.3

BK/AL

P/P

M

A

7.1

4

18.0

51.5

5.9

O/AL

B/O

M

A

6.9

4

17.3

54.0

5.7

RIAL

HP/R

M

A

6.2

1

17.9

54.5

6.3

LP/AL

G/LP

F

A

6.2

2

17.7

53.5

5.9

M

A

6.4

0

18.7

55.0

6.4

B/AL

BK/B

M

A

7.4

3

18.8

59.5

6.0

BK/AL

R/BK

M

A

6.7

2

18.2

56.0

6.0

G/AL

G/O

M

A

6.8

1

18.2

57.0

6.1

P/AL

P/BK

M

A

6.7

2

17.8

53.5

6.2

LP/AL

LB/LP

F

A

6.2

3

18.5

51.5

6.1

HP/AL

BK/HP

M

A

5.6

1

17.3

54.0

6.0

4/11

0805

4/11

0950

4/12

1100

4/12

1120

4/13

0720

4/13

1000

4/13

1025

4/13

1030

4/14

0700

4/14

0710

4/14

0720

4/14

0830

4/14

0905

4/14

0930

4/14

1010

238043773
238043774
238043775
238043776
238043777
238043778
238043779
238043780
238043781
238043782
238043783
238043784
238043785
238043786
2380-

O/AL

O/LB

M

A

6.0

2

18.4

53.0

6.6

R/AL

R/G

M

A

6.2

3

18.7

55.0

6.4

R/AL

R/B

M

A

6.6

1

17.5

55.5

6.7

HP/AL

B/B

M

A

7.1

3

18.5

56.5

6.9

G/AL

BK/G

M

A

6.3

1

17.8

57.0

6.7

LB/AL

LB/BK

M

A

6.3

2

17.9

54.5

6.0

P/AL

O/P

M

A

7.1

3

18.2

57.0

6.4

BK/AL

BK/HP

M

A

6.5

2

17.4

56.5

6.0

R/AL

G/LB

M

A

7.2

3

18.5

58.0

6.4

P/AL

LB/LB

M

A

6.4

3

18.9

57.0

6.0

B/AL

B/R

M

A

6.9

3

18.5

59.0

6.0

HP/AL

HP/O

M

A

6.6

2

19.4

57.0

6.5

G/AL

B/G

M

A

6.6

2

18.4

56.5

6.1

LP/AL

BK/LP

M

A

7.0

4

16.5

57.5

6.4

LB/AL

0 /0

M

A

6.6

r r -

19.1

60.0

6.4

4/18

0725

4/18

1005

4/18

1025

4/19

1105

4/20

0920

4/20

1020

4/20

1120

4/21

0945

4/24

0720

4/24

0800

4/24

0925

AHI

0700

AHI

0705

4/28

0735

43787
238043788
238043789
238043790
238043791
238043792
238043793
238043794
238043795
238043796
238043797
238043798
238043799
238043800
248034601

LB/AL

LB/HP

M

A

6.6

3

17.8

56.0

6.6

B/AL

BK/BK

M

A

6.4

2

18.1

58.5

6.0

HP/AL

HP/G

F

A

7.2

4

17.6

55.5

6.1

B/AL

O/B

M

A

6.2

2

18.3

54.5

6.4

R/AL

BK/R

F

hÂ _

6.5

4

17.6

51.0

6.2

G/AL

HP/G

M

A

6.3

2

17.9

56.0

6.5

LB/AL

R/LB

F

A

6.7

3

17.3

54.5

6.3

B/AL

B/G

M

A

6.6

2

18.0

56.5

6.1

BK/AL

B/BK

M

A

6.4

2

18.8

58.5

6.2

LP/AL

LP/R

F

A

6.7

3

17.6

56.0

5.9

P/AL

P/LB

F

A

6.6

2

18.3

55.0

6.0

BK/AL

O/BK

M

A

6.4

1

18.3

56.0

6.0

HP/AL

B/HP

M

A

6.6

2

19.2

59.0

6.3

O/AL

O/G

M

A

6.1

1

17.5

56.0

5.5

5/2

0845

5/3

0650

5/3

0655

5/3

0725

5/3

0825

5/4

0550

5/4

0750

5/4

0830

5/5

0640

5/5

0750

5/6

0705

5/6

0745

5/6

0935

5/8

0805

5/8

0805

248034602
248034603
248034604
248034605
248034606
248034607
248034608
248034609
248034610
248034611
248034612
248034613
248034614
248034615
2480-

LP/AL

LP/HP

F

A

6.5

3

18.2

55.0

6.1

LB/AL

O/LB

F

A

6.7

2

19.5

57.0

6.7

R/AL

O/O

M

A

6.9

3

18.5

59.5

6.5

R/AL

HP/HP

M

A

7.2

4

18.2

59.0

6.5

BK/AL

G/G

M

A

6.7

3

18.9

55.5

6.4

P/AL

BK/P

M

A

7.1

3

18.7

55.5

6.0

R/AL

RIO

F

A

7.2

4

18.6

53.0

5.5

LP/AL

LB/P

F

A

6.4

3

18.4

56.0

5.6

R/AL

LB/LB

F

A

7.7

5

17.9

55.0

5.8

B/AL

P/B

M

A

7.5

4

18.4

56.5

6.4

HP/AL

O/HP

M

A

7.2

5

17.0

56.0

6.3

G/AL

P/G

M

A

7.3

4

17.6

57.0

5.7

BK/AL

LP/LP

F

A

6.9

4

18.4

55.0

6.4

O/AL

O/LP

F

A

7.4

4

18.8

55.0

6.4

P/AL

B/P

F

A

6.5

3

18.3

56.5

6.6

5/9

0650

5/10

0710

5/10

0840

5/10

0950

5/11

0710

5/11

0725

5/11

0755

5/11

0805

5/11

0825

5/11

0845

5/12

0610

5/12

0620

5/12

0715

5/12

0755

34616
248034617
248034618
248034619
248034620
248034621
248034622
248034623
248034624
248034625
248034626
248034627
248034628
248034629
248034630

G/AL

R/R

F

A

7.3

4

19.4

55.0

6.5

BK/AL

BK/LB

F

A

6.4

2

18.6

55.5

6.2

LB/AL

LB/G

F

A

7.7

5

18.3

55.0

6.0

B/AL

B/HP

F

A

7.2

4

18.3

58.5

5.9

B/AL

HP/HP

M

A

7.7

4

18.9

59.5

5.9

B/AL

LP/LP

F

A

7.1

4

18.6

55.5

6.2

O/AL

HP/O

F

A

6.6

2

19.1

57.0

6.1

B/AL

P/P

F

A

6.3

2

18.0

53.0

6.5

G/AL

G/LB

F

A

6.7

4

18.5

54.0

6.4

BK/AL

R/R

M

A

7.6

4

18.7

58.0

6.4

G/AL

BK/BK

F

A

7.4

5

18.6

55.0

6.0

BK/AL

G/B

F

A

6.7

3

17.8

55.5

6.3

LB/AL

LB/B

F

A

7.4

4

18.6

57.0

6.7

R/AL

B/B

F

A

7.5

5

18.5

54.5

6.5

5/12

0825

5/12

0930

5/14

0640

5/14

0725

5/15

0645

5/15

0700

5/15

0925

5/16

0610

5/16

0710

5/16

0720

5/16

0740

5/16

0745

5/16

0920

5/16

0945

5/17

0720

248034631
248034632
248034633
248034634
248034635
248034636
248034637
248034638
248034639
248034640
248034641
248034642
248034643
248034644
2480-

LP/AL

LP/B

F

A

6.5

3

18.6

55.5

6.7

HP/AL

HP/BK

F

A

7.3

4

19.5

56.0

6.7

O/AL

O/BK

F

A

7.5

5

18.6

54.0

6.7

P/AL

P/HP

F

A

6.8

5

18.2

51.0

6.5

B/AL

G/G

F

A

6.7

3

18.3

54.0

6.1

R/AL

LB/R

M

A

6.8

2

17.8

57.5

6.6

BK/AL

BK/P

F

A

7.0

4

18.5

54.5

6.3

LB/AL

LB/P

F

A

6.9

4

18.6

55.0

6.7

B/AL

B/LP

F

A

7.3

4

19.6

54.0

6.3

LP/AL

O/LP

F

A

7.1

5

18.6

55.0

6.4

HP/AL

P/HP

F

A

6.7

3

18.3

56.5

6.4

O/AL

O/P

F

A

6.8

2

19.1

53.5

6.8

P/AL

G/P

M

A

7.6

4

18.4

56.5

6.4

G/AL

G/LP

F

A

7.0

5

18.3

55.5

6.3

R/AL

LP/R

F

A

7.3

5

19.3

55.0

6.5

5/17

0750

5/17

0800

5/17

0815

5/18

0655

5/18

0700

5/18

0735

5/20

0905

5/23

0645

5/24

0710

5/24

0830

5/24

0900

1

34645
248034646
248034647
248034648
248034649
248034650
248034651
248034652
248034653
248034654
248034655
248034656

BK/AL

LP/BK

F

A

6.8

3

18.6

54.5

6.4

LB/AL

LP/LB

M

A

7.4

3

18.4

58.5

6.4

B/AL

B/B

F

A

7.5

6

18.0

57.5

6.3

LP/AL

LP/P

M

A

7.1

3

18.3

55.0

6.4

HP/AL

HP/LP

F

A

6.5

2

18.2

52.5

6.3

O/AL

O/R

F

A

7.7

5

18.0

54.0

7.0

P/AL

LP/P

F

A

7.3

5

18.3

55.0

6.4

G/AL

R/G

F

A

6.4

3

18.9

54.0

6.2

R/AL

R/P

M

A

7.2

4

18.7

57.5

6.0

BK/AL

BK/BK

F

A

7.9

5

18.0

57.0

6.4

G/AL

R/BK

M

A

7.9

5

18.6

58.5

6.3

Appendix 3.
Banding data for fall field season 2006. All leg bands were size 0A. Color band abbreviations: AL = aluminum (USGS
numbered band), BK = black, B = blue, LB = light blue, R = red, P = purple, LP = light pink, HP = hot pink, G = green, O =
orange. There were no recaptures. All birds listed were blood and feather sampled. Individuals were sexed and aged
according to Pyle (1997).
Date

Time

Band
Number

8/30

0835

8/31

0900

9/6

0910

9/6

0930

9/6

1020

9/8

0955

9/8

1000

9/10

0945

9/10

1020

9/11

0835

248034657
248034658
248034659
248034660
248034661
248034662
248034663
248034664
248034665
2480-

Color
Combo
(left)
B/LB

Color
Combo
(right)
LB/AL

Sex

Age

F

B/R

B/AL

LP/G

A

Body
Mass
(g)
7.7

F

J

LP/AL

F

HP/BK

HP/AL

G/O

Fat
Score
4

Tarsus
Length
(mm)
19.1

Wing
Chord
(mm)
54.5

Exposed
Culmen
(mm)
6.8

7.2

3

17.8

53.0

6.4

J

7.3

4

18.6

51.5

7.0

M

A

8.0

4

18.7

57.0

5.9

O/AL

F

J

7.5

3

18.7

54.5

6.2

P/HP

P/AL

M

A

6.4

2

18.2

54.0
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